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to reclaim sand from the sand core materials (28) within the heating chamber (22, 22'). Fines are also recovered during the reclaiming 
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SYSTEM AND PROCESS FOR RECLAIMING SAND 


CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of priority to U.S. Provisional 
Patent application serial no. 60/012,308, filed on February 23, 1996 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of foundry 
processing, and more particularly to heat treating metal castings and 
reclaiming sand from sand cores and sand molds used in the manufacture 
of metal castings. 

Many changes have been made in the field of heat treating metal 
castings and reclaiming sand from sand cores and sand molds used in the 
manufacture of metal castings. Examples of some recent disclosures 
which address the heat treating of castings, removal of sand cores, and 
further reclaiming of sand are found in U.S. Patents Number 5,294,094, 
5,354,038, and 5,423,370, each of which is expressly incorporated herein 
by reference, in their entirety. Those patents disclose a three-in-one 
process / integrated system that (i) receives and heat treats a casting, (ii) 
removes sand core / sand mold materials from the casting, and (iii) 
reclaims sand from the sand core / sand mold materials removed from the 
casting; the '094 and '038 patents embodying a convection furnace species 
and the '370 patent embodying a conduction furnace species. The sand 
core / sand mold materials (referred to hereafter as sand core materials) 
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comprise sand that is held together by a binder material such as, but not 
limited to, a combustible organic resin binder. 

Technology such as that disclosed in the above-mentioned patents 
are driven, for example, by competition; increasing costs of raw materials, 
5 energy, labor, and waste disposal; and environmental regulations. Those 
factors continue to mandate improvements in the field of heat treating and 
sand reclamation. 

SUMMARY OF THE INVENTION 

10 Briefly described, a preferred embodiment of the present invention 

comprises a unique five- in-one process / integrated system that (i) receives 
and heat treats a casting, (ii) removes sand core materials from the casting, 
(iii) actively reclaims sand from the sand core materials, (iv) substantially 
cools the reclaimed sand, and (v) removes fines from the reclaimed sand. 

15 In accordance with one embodiment of the present invention, the process / 
integrated system does not remove fines from the reclaimed sand, whereby 
a four-in-one process is provided. In accordance with still another alternate 
embodiment of the present invention, the process / integrated system does 
not heat treat, whereby a four-in-one (or three-in-one, if fines are not 

20 removed) process is provided. The various steps and subsystems of the 
aforementioned processes and systems are uniquely integrated and 
cooperate in a synergistic manner. 

In accordance with the preferred embodiment of the present 
invention, a furnace system is provided that has a heating chamber (e.g,, a 

25 furnace chamber) integrated and contiguous with a cooling chamber. The 
heating chamber and cooling chamber are preferably constructed so that 
heat and gasses pass therebetween. The heating chamber is preferably in 
the general form of a heat treating furnace, and includes, but is not limited 
to, both convection and conduction type furnaces. The heating chamber 

30 receives and heats and, preferably, heat treats, metal castings. During the 
heating process, sand core materials are dislodged from the castings and 
collected in a hot fluidized bed within the heating chamber. The hot 
fluidized bed functions to at least partially reclaim sand from the sand core 
materials. The heat associated with the heat treating and the heat 

35 associated with the hot fluidized bed are preferably both maintained within 
the heating chamber to maximize heating efficiency. 
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The sand reclaimed in the hot fluidized bed falls into the integrated 
cooling chamber. The cooling chamber of a first category of preferred 
embodiments (sometimes referred to herein as the "below-mounted" 
embodiments) is mounted below, and most preferably directly beneath, the 
5 heating chamber. In preferred ones of these below-mounted embodiments, 
at least some heat from the reclaimed sand within the cooling chamber 
rises to heat the heating chamber. In a second category of preferred 
embodiments (sometimes referred to herein as "side-mounted" 
embodiments), the cooling chamber is aligned beside the heating chamber. 

10 Additionally, a blower that supplies fluidizing medium to the hot 

fluidized bed draws preheated air from above the cool fluidized bed, 
whereby the waste heat associated with the cool fluidized bed is recycled 
for use in the hot fluidized bed. Additionally, the blower that supplies the 
hot fluidized bed entrains fines with the heated air drawn from the cooling 

15 chamber. The fines are separated from the heated air, for example in a 
cyclone, before the heated air comes in contact with the blower. 

In accordance with preferred embodiments of the present invention, 
the hot fluidized bed and the cool fluidized bed are disposed within a first 
trough and a second trough, respectively. Fluidizing assemblies 

20 substantially cover the bottoms of the troughs. Each of the troughs is 
equipped with a discharging device, such as a valve, that controls 
discharging from and the level of the respective fluidized bed. In 
accordance with exemplary preferred embodiments, a weir (or weirs) 
controls the discharging from and level of the fluidized beds. The 

25 materials within the fluidized beds flow naturally toward the discharge 
weir, and sand eclipsing the discharge weir of the heating chamber falls 
into the cooling chamber. 

In exemplary below-mounted embodiments, the weir associated 
with the hot fluidized bed is a sand discharge weir that is in the form of an 

30 upright conduit. The sand discharge weir extends upward from the bottom 
of the first trough and communicates with an aperture in the bottom of the 
first trough. The reclaimed sand flows into the upper end of the sand 
discharge weir, passes through the sand discharge weir and thereby the 
aperture in the bottom of the first trough, and falls from the bottom of the 

35 sand discharge weir into the cool fluidized bed. In certain, alternate 
below-mounted embodiments, a baffle is disposed above the weir that 
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seeks to ensure that sand core materials do not fall directly into the sand 
discharge weir without first being processed within the hot fluidized bed. 

In exemplary side-mounted embodiments, the discharge weir 
comprises an opening and spillway formed within a common wall of the 
5 heating chamber and cooling chamber. Sand of the hot fluidized bed 
reaching the height of the opening exits the heating chamber and spills 
over the spillway to fall into the cool fluidized bed of the cooling chamber. 

In accordance with exemplary embodiments of the present 
invention, sand discharge weirs are accessorized and/or modifiable to 
10 allow for variations in their effective height. The effective height of a sand 
discharge weir is varied to vary the dwell time of sand core materials 
within the hot fluidized bed. Variations in dwell time result in variations in 
the characteristics of the reclaimed sand. Additionally, in accordance with 
exemplary below-mounted embodiments of the present invention sand 
15 discharge weirs are equipped with angled extension conduits. An angled 
extension conduit extends from the base of a sand discharge weir and 
functions as a passive closure device. 

It is, therefore, an object of the present invention to increase the 
efficiency of heat treating and sand reclamation processes. 
20 Another object of the present invention is to provide an integrated 

system for accomplishing multiple casting, core and sand processing steps. 

Yet another object of the present of the present invention is to 
provide an improved method and apparatus for removing sand core 
material from a casting and reclaiming sand from the sand core material. 
25 Still another object of the present invention is to provide a single 

system that provides for substantially complete sand reclamation. 

Still another object of the present invention is to utilize waste heat. 

Still another object of the present invention is to provide control 
over the characteristics of reclaimed sand. 
30 Still another object of the present invention is to provide a very 

efficient means for heat treating castings and reclaiming sand, whereby 
environmental impact is minimized. 

Still another object of the present invention is to provide weirs with 
variable heights. 
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Other objects, features, and advantages of the present invention will 
become apparent upon reading and understanding this specification, when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a schematic, side cut-away view of a furnace system in 
accordance with a first preferred embodiment of the present invention, 
depicting a first furnace type. 

Fig. 1 B is a schematic, side cut-away view of a furnace system in 
accordance with a second preferred embodiment of the present invention, 
depicting a second furnace type. 

Fig. 2 is an isolated, schematic, perspective view of a collection 
trough, discharge openings, and sand discharge wen of the furnace system 
of Figs. I A and IB. 

Fig. 3 is a schematic, cut-away, cross-sectional view of a portion of 
the furnace system of Figs. 1 A, IB taken along line 3-3 of Fig. 2. The 
sand discharge weir is central to Fig. 3. Additionally, substantial portions 
of the furnace system have been cut-away, and cross-sectioned fluidizing 
tubes are shown. 

Fig. 4 is an isolated, schematic view depicting the preferred stacked 
and contiguous relationship between a heating chamber and a cooling 
chamber of the furnace system of Figs. 1 A and IB. 

Fig. 5 is similar to Fig. 3, but depicts an alternate and accessorized 
sand discharge weir in accordance with an exemplary embodiment of the 
present invention. 

Fig. 6 is a schematic, cut-away side view of a furnace system in 
accordance with the present invention, depicting a side-mounted cooling 
chamber embodiment. 

Fig. 7 is an isolated, schematic, top plan view of the cooling 
chamber of Fig. 6, taken along line 7-7 of Fig. 6. 

Fig. 8 is a schematic, cross-sectional end view taken along line 8-8 
of Fig. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
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Referring to the drawings in which like numerals represent like 
components throughout the several views, Figs. 1A and IB show 
schematic, side cut-away views of a furnace system 20, 20' in accordance 
with alternate, preferred embodiments of the present invention.. The 
5 furnace system 20, 20' includes a heating chamber 22, 22' (e.g., a heat 

treating furnace or furnace chamber) situated above and contiguous with a 
cooling chamber 24. The heating chamber 22, 22' receives and heats 
castings and the cores therein (that are acceptably transported through the 
heating chamber 22, 22' in, for example, baskets 26a,b), dislodges sand 

10 core materials 28 from the castings, and actively reclaims sand from the 
sand core materials 28. In the most preferred embodiments, the heating 
chamber 22, 22' also heat treats the castings. The reclaiming is carried 
out, at least in part, in a hot fluidized bed 32, 32' that is preferably 
disposed within the heating chamber 22, 22'. The sand 30 (including the 

15 substantially reclaimed sand) falls from the heating chamber 22, 22 into 

the cooling chamber 24 through an outlet such as, but not limited to, a sand 
discharge weir 84 . Once in the cooling chamber 24, the sand 30 is cooled 
in a cool fluidized bed 34. Additionally, fines are removed from the 
reclaimed sand 30 within the cooling chamber 24. Fines include particles 

20 such as, but not limited to, pieces of sand and any accompanying pieces of 
ash or binder material smaller than a predetermined size. 

A front 35 and a rear 37 are defined. The heating chamber 22, 22' 
includes insulated walls 36, an insulated inlet door 38, 38' toward the front 
35, and an insulated outlet door 40, 40' toward the rear 37. The walls 36 

25 and doors 38, 38', 40, 40' bound and define the heated work chamber 22, 
22'. In the embodiment shown in Fig. 1 A, an upper conveyer assembly 
42a (e.g., a roller hearth) and a lower conveyer assembly 42b (e.g., a roller 
hearth) extend through the heating chamber 22 from the inlet door 38 to 
the outlet door 40. In the embodiment of Fig. IB: the basket 26 is 

30 supported by an overhead gondola conveyor assembly 42' which conveys 
the basket, with the casting therein, through the heating chamber 22'; the 
inlet door 38' and outlet door 40* are depicted as ''tilting" doors to allow 
the introduction and removal of the basket/casting into and out of the 
heating chamber 22; and the upper wall 36a of the heating chamber is 

35 formed with a cable channel 39 to accommodate passage of the cable 41 

from the overhead conveyor assembly. The conveyer assemblies 42a, 42b, 
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42' each receive and transport the castings (which are preferably disposed 
within baskets 26) through the heating chamber 22, 22 ' in a direction 
defined from the front 35 toward the rear 37. A casting quench facility 
(not shown) is preferably proximate to the outlet door 40 such that castings 
can be immediately quenched upon removal from the heating chamber 22, 
22 '. The baskets 26 are of open construction to permit sand core materials 
28 dislodged from the castings to freely exit the baskets 26. Similarly, the 
conveyer assemblies 42 are constructed so diat dislodged sand core 
materials 28 pass freely therethrough. 

The embodiment depicted in Fig. 1 A represents an embodiment 
wherein the heating chamber 22 is that of a convection type furnace, while 
the embodiment of Fig. I B represents an embodiment in which the heating 
chamber 22* is characterized as a conduction furnace (such as a fluidized 
bed furnace.) Whether the heating chamber 22, 22' is that of a convection 
furnace or that of a conduction fiirnace, as represented by the drawing 
figures, or is a furnace of some other known or yet unknown type, the 
furnace system 20, 20' is provided with heaters (see heaters 46 in Fig. 1 A; 
heaters not seen in Fig. IB) which heat the atmosphere and/or conducting 
medium in the heating chamber 22, 22 1 to a processing temperature, in the 
preferred embodiment, sufficient to both heat treat castings and to combust 
(and which same temperature is sufficient, in regions lacking oxygen, to 
pyrolize) the binder that binds the sand of the core material 28, whereby 
core materials 28 are dislodged from and eventually exit the castings. For 
example, in preferred embodiments, the heating chamber 22, 22' is heated 
to a processing temperature in the range of 850 to 1400 degrees Fahrenheit 
(most preferably in the range of 850 to 1000 degrees Fahrenheit). 

In the embodiment of Fig. 1 A, a single heater 46 is schematically 
illustrated as including a burner 48 within a U-shaped tube 50. Preferably, 
a plurality of heaters 46 are employed within the heating chamber 22. The 
U-shaped tube 50 isolates the burner 48 from the atmosphere within the 
heating chamber 22. Alternatively, the burner 48 is exposed to the 
atmosphere within the heating chamber 22. A variety of different types of 
heaters, as would be understood by persons skilled in the art of the various 
types of furnaces, can be used to heat the heating chamber 22, 22' of the 
embodiments of Figs 1 A and IB. 
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The heaters are, preferably, capable of heating the atmosphere 
and/or conducting medium within the heating chamber 22, 22' to a 
processing temperature sufficient to simultaneously heat treat the castings 
and dislodge sand core materials 28 from cavities within the castings. The 
5 sand core materials 28 preferably comprise sand that is bound by a 

combustible binder material such as, but not limited to, an organic resin 
binder. Thus, in at least the preferred embodiments, heating chamber 22, 
22' is heated to above the combustion temperature of the organic resin 
binder. 

10 The heating chamber 22 of the embodiment of Fig. I A can be 

characterized as a convection heating furnace including multiple zones 
through which the baskets 26 pass sequentially. For example, in Fig. 1 a 
different zone extends with and beneath each of the fans 44a-f. While only 
six fans 44 are shown in Fig. 1 , heating chambers 22 with more or less 

1 5 than six fans 44 or zones are within the scope of this disclosure. The fans 
44 function to circulate the atmosphere within the heating chamber 22. 
The fans 44a-f are preferably constructed to circulate the atmosphere in a 
manner that aids in the dislodging of core materials 28 from the castings 
subsequent to binder combustion (and/or pyrolysis). A plurality of screens 

20 52, such as but not limited to one-quarter inch screens, are positioned 

beneath the conveyer assembly 42b in at least some of the earlier zones of 
the heating chamber 22. The screens 52 extend above the trough 54 
(discussed below) so that the screens 52 capture substantially all of the 
clumps of sand core material 28 larger than one-quarter inch which are 

25 dislodged from the castings. The clumps of core material 28 collected on 
the screens 52 are suspended within and exposed to the heated and 
oxygen-rich airflow within the heating chamber 22 until a substantial 
portion of the binder associated with the clumps has burned off, at which 
time the clumps will disintegrate. When the clumps have disintegrated to a 

30 size smaller than one-quarter inch, the disintegrated clumps fall through 
the screens 52. The screens 52 are preferably situated in the earlier and 
middle zones because, in accordance with the preferred embodiment, that 
is where a majority of the core materials 28 are dislodged and fall from the 
castings. In accordance with some embodiments, the screens 52 extend 

35 for the entire length of the heating chamber 22. 
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In the embodiment of Fig. IB, the hot fluidized bed 32 is that of a 
fluidized bed furnace in which the castings are immersed within the hot 
fluidized bed 32 during processing in the heating chamber 22' - e.g., 
during heat treating and/or core removal. In such an embodiment, the 

5 castings are, for example, placed in baskets 26 which are pulled along a 
conveyor assembly 42 through the hot fluidized bed 32 while fully 
immersed within the fluidized bed. The medium in the fluidized bed is, 
preferably, comprised substantially of foundry sand similar to and 
including that from which the sand cores are made and, from time to time, 

10 binder material. 

A receptacle such as, but not limited to, a trough 54 is defined in the 
heating chamber 22, 22'. Fig. 2 is an isolated perspective view of the 
trough 54, discharge openings 80, and sand discharge weir 84 from the 
front 35 (also see Figs. 1 A, IB) of the trough 54. Other components of the 

15 system 20, 20' that would otherwise be seen, including those within the 

heating chamber 22, 22' are, for clarity and ease of description, not shown 
in Fig. 2. The trough 54 includes a bottom 56 and side walls 58,60 
extending upward from side edges of the bottom 56 in a divergent manner 
such that obtuse angles are defined between the side walls 58,60 and the 

20 bottom 56. Walls 62,64 extend upward from the other edges of the bottom 
56. Referring additionally to Figs. 1 A and IB, in accordance with the 
preferred embodiment, a fluidizing assembly 68 is closely associated with 
the bottom 56 of the trough 54. The fluidizing assembly 68 includes a 
blower 70 that forces a fluidizing medium through a conduit 72 that 

25 separates into headers 74a,b that feed a sub-header assembly 76. In 

accordance with the preferred embodiments, the sub-header assembly 76 
includes a multiplicity of fluidizing tubes 78 (see Figs. 3 and 5) (i.e., the 
sub-header assembly 76 is, for example, a sparger or perforated pipe 
distributor). A variety of conventional sub-header assemblies 76 are 

30 capable of being acceptably incorporated into the disclosed embodiments. 
In accordance with an alternate embodiment, a sub-header assembly 76 is 
not employed and the bottom 56 of the trough 54 functions as part of the 
fluidizing assembly 68. That is, the bottom 56 of the trough 54 is 
perforated and a fluidizing medium is forced through the perforations of 

35 the bottom 56. 
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In accordance with the preferred embodiment, the conduit 72 
cooperates with a heater assembly 73 that heats the fluidizing medium to a 
temperature in excess of the temperature required to combust (which 
processing temperature is sufficient in the absence of oxygen, to pyrolize) 
5 the binder of the core material 28. This heating causes binder within the 
hot fluidized bed 32, 32' to combust (or, in an appropriate case, to 
pyrolize), thus freeing to a substantial degree the sand from the binder. In 
the preferred embodiment, the heater assembly 73 includes a high pressure 
gas burner (not shown). In accordance with alternate embodiments, the 

10 heater assembly 73 incorporates an electric heating element or other type 
of heater. In accordance with other alternate embodiments, a heater 
assembly 73 is not employed.. In alternate embodiments without a heater 
assembly 73, the heating chamber 22, 22' is otherwise sufficiently heated 
such that binder materials are combusted (or pyrolized) within the 

15 fluidized bed 32, 32'. 

Referring to both Figs. 1A, IB, and 2, a plurality of apertures or 
openings 80a-f are defined through the bottom of the trough 54. Referring 
to Figs. 1 A and IB, valves 82a-f are situated beneath the openings 80a-f, 
respectively, and the valves 82a-f function to effectively open and close 

20 the openings 80a-f, respectively. The valves 82a-f are represented 

schematically in Figs. 1A, IB. The valves 82a-f are acceptably either 
manually operated or motor operated such that the valves 82a-f are 
capable of being operated remotely. The valves 82a-e are closed during 
normal operation and the valve 82f is open during normal operation, as 

25 discussed in greater detail below. The valves 82a-e may be opened in the 
case of an emergency, such as if a section of the sub-header assembly 76 
becomes inoperative. The valves 82a-f are preferably manual gate or 
dump valves, or vibratory feeder valves, or stone-box type valves. 
As mentioned previously, the sub-headers 76 of the fluidizer 

30 assembly 68 substantially cover the bottom 56 (Fig. 2) of the trough 54. 
However, the sub-headers 76 preferably do not cover the openings 80a-f, 
so the openings 80a-f are readily accessible from within the trough 54. 
That is, the upper sides of the openings 80a-e are in direct contact with the 
hot fluidized bed 32, 32'. 

35 In accordance with the preferred embodiment, a sand discharge weir 

84 is associated with the opening 80f. Substantially reclaimed sand 30 
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flows from the hot fluidized bed 32, 32' to the cooling chamber 24 through 
the sand discharge weir 84. Referring additionally to Fig. 2, the weir 84 
extends upward from the opening 80f and includes, in the disclosed 
embodiment, walls 86, 88, 90, 92 that are joined at their edges such that 
5 the weir 84 is in the form of an elongated conduit that is generally in the 
shape of a square in a top plan view thereof. The walls 86, 88, 90, 92 
bound a passage 94 that is open at the upper end of the weir 84 within the 
trough 54. At the lower end of the weir 84 the passage 94 is open to the 
cooling chamber 24 when the valve 82f is open. 

10 In accordance with other embodiments of the present invention, a 

sand discharge weir 84 is not incorporated into the present invention. 
When the weir 84 is not incorporated, the valve 82f or some other device 
(not shown) is operative to maintain the level of core materials 28 within 
the trough 54 that is necessary to maintain proper operation of the hot 

1 5 fluidized bed 32, 32'. When the valve 82f maintains the level, the valve 
82f is responsive to measurements that are indicative of the volume of the 
hot fluidized bed 32, 32'; discharging is established when a first volume of 
the bed 32, 32' is detected, and discharging is terminated at a second 
volume of the bed 32, 32' is detected. The volume can be quantified by 

20 sensing the height of the hot fluidized bed 32, 32' or sensing the pressure 
within the conduit 72, headers 74, or sub-header assemblies 76 of the 
fluidizing assembly 68. 

As depicted in Fig. 1A, an inverted V-shaped baffle 96 is positioned 
above the upper opening to the passage 94 of the weir 84 in the system 20 

25 of that Fig. The baffle 96 is preferably positioned sufficiently above the 
weir 84 so that the baffle 96 does not interfere with the flow of sand 30 
from the hot fluidized bed 32 into the passage 94 of the weir 84. The 
baffle 96 is positioned above the weir 84 and is broad enough such that the 
baffle 96 substantially keeps any sand core materials 28 from falling 

30 directly into the weir 84 castings 26 passing above. That is, any sand core 
materials 28 that fall from castings above the weir 84 are deflected by the 
baffle 96 such that they fall into the hot fluidized bed 32. 

The heating chamber 22, 22' controllably vents to the atmosphere 
through an exhaust conduit 99 that communicates with an incinerator 101. 

35 Fig. 3 is a somewhat isolated, schematic, cross-sectional view of the 

furnace system 20, 20' (Figs. 1 A, IB) taken along line 3-3 of Fig. 2. The 
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valve 82f is not shown and substantial portions of the furnace system 20, 
20\ including portions of the trough 54 and portions of the sub-headers 76, 
are cut away in Fig. 3. Additionally, in Fig. 3, portions of the sub-headers 
76 are depicted in the form of fluidizing tubes 78, only several of which 
5 are specifically identified in Fig. 3. The fluidizing tubes 78 are cross- 
sectioned transverse to their length in Fig. 3. The fluidizing tubes 78 
preferably define a plurality of apertures (not shown) through the sidewalls 
thereof The fluidizing medium passes through the apertures in the side 
walls of the fluidizing tubes 78. The apertures are preferably oriented 

10 downward in a manner that seeks to keep sand 30 and sand core materials 
28 from entering the fluidizing tubes 78. 

The walls 86,88,90,92 (also see Fig. 2) of the weir 84 preferably 
each extend to the same height above the bottom 56 of the trough 54. 
Therefore, the upper edges of the walls 86,88,90,92 together function as a 

1 5 weir edge 1 00 over which the sand 30 (Fig. 1 ) flows into the passage 94 to 
pass through the weir 84. The weir edge 100 and the opening defined by 
the weir edge 100 preferably define a generally horizontal plane. As seen 
in Fig. 3, the lower edges of the walls 86,88,90,92 (also see Fig. 2) of the 
weir 84 preferably extend through the bottom 56 of the trough 54. A 

20 flange 98 preferably bounds the opening 80f and is attached to the bottom 
of the trough 54, for example by welding. The lower edges of the weir 84 
are preferably attached to the flange 98, for example by welding. 

The height of the weir 84 will impact the depth of the fluidized bed 
32, and, as will be understood, the discharge weir height of the 

25 embodiment of Fig. 1 B will typically be higher relative to the trough walls 
58-64 then is the weir 84 of the embodiment of Fig. 1 A, in order that the 
bed 32' might engulf the castings therein. 

Referring back to Figs. 1 A, IB, the sand 30 that flows through the 
weir 84 falls into the cooling chamber 24 and onto the cool fluidized bed 

30 34. The cooling chamber 24 is preferably immediately beneath and 

contiguous with the heating chamber 22, 22 ! such that heat from the sand 
30 that has fallen into the cooling chamber 24 rises naturally from the 
cooling chamber 24 to the heating chamber 22, 22' to aid in the heating of 
the heating chamber. The cooling chamber 24 is preferably generally 

35 enclosed by a plurality of partitions 102 (only one of which is shown in 
Figs. 1 A, IB, but also see Fig. 4) that span between the floor 104 and the 
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lower periphery of the heating chamber 22, 22'. A majority of the 
partitions 102 are preferably readily removable from the cooling chamber 
24 so that the components within the cooling chamber 24 are capable of 
being readily accessed and serviced. It is preferable for the partitions 1 02 
5 not to substantially enclose the cooling chamber 24 such that ambient air 
flows substantially freely into the cooling chamber 24. Alternately, the 
partitions 1 02 substantially enclose the cooling chamber 24, and in such a 
configuration mechanisms in addition to those discussed below are 
preferably provided to remove fines and dust from the cooling chamber 24. 

10 In accordance with an alternate embodiment, the cooling chamber 24 is 
preferably not substantially bounded by partitions 102 (Figs. 1 A, IB, and 
4). The lack of partitions 102 is intended to maximize cooling airflow 
through and accessibility to the cooling chamber 24. 

In accordance with the preferred embodiments the furnace system 

15 20, 20' comprises a single large work chamber 107, 107' that includes both 
the heating chamber 22, 22* and the cooling chamber 24 in a stacked 
arrangement. Fig. 4 is an isolated, schematic, end, side, perspective view 
of the work chamber 107, 107' that schematically depicts the preferable 
stacked and contiguous relationship between the heating chamber 22, 22' 

20 and the cooling chamber 24. A view of the work chamber 1 07, 1 07' from 
the end and side opposite from that depicted in Fig. 4 would be a mirror 
image of Fig. 4. 

Central to the cooling chamber 24 is an elongated receptacle such 
as, but not limited to, a trough 106 that is elevated above the floor 104. 

25 The trough 106 extends from beneath the weir 84 to beneath the front 35 
of the heating chamber 22, 22'. A fluidizing assembly 108 is closely 
associated with the bottom of the trough 106. The fluidizing assembly 108 
includes a blower 1 1 0 that preferably takes suction from a source of 
relatively cool fluidizing medium (e.g., ambient air). The blower forces 

30 the fluidizing medium through a conduit 1 1 2 that separates into headers 
1 14a,b that feed a sub-header assembly 116. In accordance with the 
preferred embodiments, the sub-header assembly 1 16 includes a 
multiplicity of fluidizing tubes similar to the fluidizing tubes 78 (Figs. 3 
and 5) discussed above (i.e., the sub-header assembly 1 16 is preferably a 

35 sparger or perforated pipe distributor). A variety of conventional sub- 
header assemblies 1 16 are acceptable. In accordance with an alternate 
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embodiment, a sub-header assembly is not employed and the bottom of the 
trough 106 functions as part of the fluidizing assembly 108. That is, the 
bottom of the trough 106 is perforated and a fluidizing medium is forced 
through the perforations in the bottom of the trough 106. Alternate flow 

5 paths are, within the scope of the present invention, definable within the 
trough 1 06 of the cooling chamber 24 (and, for that matter, also within the 
trough 54 of the heating chamber 22) - for example, a serpentine path 
defined within the trough whereby the sand follows in such a path so as to 
increase the duration within the chamber. (See, for example, Fig. 7). 

10 An outlet duct 1 1 8 communicates between the end of the trough 106 

and a hopper 120. The inlet to the outlet duct 1 18 is elevated above the 
bottom of the trough 106 such that a weir 122 is defined. Sand 30 flows 
over the weir 1 22 to enter the outlet duct 1 1 8 and thereby exit the cool 
fluidized bed 34 and the cooling chamber 24. The hopper 120 discharges 

15 the cooled sand 30 to a device such as, but not limited to, a pneumatic 

transporter 132. The transporter 132 preferably transports the sand 30 to a 
core making facility where the sand is used in the manufacture of sand 
cores. Cooling of the sand 30 is preferably enhanced by cooling loops 
124,126 (e.g., piping systems) that extend into the cool fluidized bed 34 

20 and hopper 120, respectively. The cooling loops 124,126 preferably 

circulate a cooling medium, such as cool water, from sources of cooling 
medium 128,130 (e.g. cooling towers). 

In accordance with other embodiments of the present invention, a 
discharge weir 122 is not incorporated into the present invention. When 

25 the weir 122 is not incorporated, a discharge valve (not shown) or some 
other device (not shown) is operative to maintain the level of sand 30 
within the trough 1 06 that is necessary for proper operation of the cool 
fluidized bed 34. When a discharge valve maintains the level within the 
trough 106, the discharge valve is responsive to measurements that are 

30 indicative of the volume of the cool fluidized bed 34; discharging is 

established when a first volume in the bed 34 is detected, and discharging 
is terminated when a second volume in the bed 34 is detected. The 
volume can be quantified by sensing the height of the cool fluidized bed 34 
or sensing the pressure within the conduit 1 12, headers 1 14, or sub-header 

35 assemblies 1 16 of the fluidizing assembly 108. 
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In accordance with the preferred embodiments, the sand 30 is 
substantially classified before it is transported away from the furnace 
system 20, 20' . In accordance with the preferred embodiments, fines are 
initially drawn from the sand 30 into an intake assembly or ventilating 

5 hood 134, and through a conduit 138. Adjustable louvers 136 (e.g., slats) 
are preferably arranged across the entrance to the hood 1 34 in a manner 
that seeks to deflect any sand 30 that is entrained with the fmes being 
drawn into the hood 134. Fines are also preferably drawn from the hopper 
120 into a conduit 140 communicating with the upper internals of the 

10 hopper 120. A plurality of adjustable louvers 139 (e.g., slats) are 

preferably arranged across the entrance to the conduit 140 in a manner that 
seeks to deflect any sand 30 that is entrained with the fines being drawn 
into the conduit 140. A vacuum within the conduit 142 draws fines into 
the hood 134 and conduit 140. The vacuum within the conduit 142 is 

15 generated by the blower 70 of the fluidizing assembly 68. It is important 
to note that not only fines drawn into the conduit 142. Hot fluidizing 
medium (e.g., air) is drawn into the conduit 142 from the ventilating hood 
1 34 and the hopper 120. The fines are separated from the hot fluidizing 
medium before the hot fluidizing medium is drawn into the blower 70. In 

20 accordance with the preferred embodiments, the device that primarily 
separates the fines from the fluidizing medium is a cyclone 1 44 that 
centnfugally separates fmes from the fluidizing medium. A filter 146 also 
aids in the separation of fines from the fluidizing medium. 

In alternate designs of the furnace system 20 of Fig. 1 A, the baskets 

25 26 are initially placed upon the upper conveyer assembly 42a at the inlet 
door 38. The baskets 26 move along the upper conveyer assembly 42a 
deep into the heating chamber 22. Then, the baskets 26 are lowered to the 
lower conveyer assembly 42b and are conveyed back to the inlet door 38 
for removal from the heating chamber 22. In that alternate embodiment, 

30 the casting quench facility (not shown) is proximate to the inlet door 38 
such that castings can be immediately quenched upon removal from the 
heating chamber 22. In that alternate embodiment, it would be preferable 
for the hot fluidized bed 32 to flow toward die front 35 of the furnace 
system 20 and the cool fluidized bed 34 to flow toward the rear of the 

35 furnace system 20 so that the pneumatic transporter 132 is maintained at 
the opposite end of the furnace system 20 from the casting quenching 
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facility. In other designs, only a single conveyor assembly 42 is employed. 
Ln still other designs, the furnace system 20, 20' is a small batch furnace 
that does not utilize conveyor assemblies 42. 

Fig. 5 is view similar to that of Fig. 3 that shows a cross-sectioned 
5 adjustable weir 84' and other weir accessories, in accordance with another 
exemplary embodiment. The weir 84' is incorporated into the furnace 
system 20, 20' (Figs. 1 A, IB) in place of the weir 84 (Figs. 1A, IB). The 
weir 84' itself is identical to the weir 84 of Figs. 1 A, IB, and 2, except 
that the weir 84' is not welded to the flange 98', and the weir 84' includes 

10 a plurality of apertures 148 through the walls 88 ',92' thereof. The flange 
98' that bounds the opening 80f also defines apertures 1 50 therethrough. 
The height of the weir edge 100 above the bottom 56 is adjusted by 
removing pins 152a,b from the apertures 148,150. Once the pins 152a,b 
are removed, the adjustable weir 84' is capable of being moved vertically 

1 5 further into or out of the trough 54 to change the effective height of the 

weir edge 100 above the bottom 56 of the trough 54. Once the weir 84' is 
moved vertically to obtain the desired height, the weir 84' is moved 
slightly further if necessary to align apertures 150,148. Once apertures 
150,148 are properly aligned, for example as depicted in Fig. 5, the pins 

20 152a,b are inserted into the aligned apertures 150,148 as depicted in Fig. 
5. As depicted in Fig. 5, three different heights can be maintained by 
virtue of the fact that three pairs of apertures 148 are defined by the weir 
84. Various numbers of paired apertures 148 are within the scope of this 
disclosure. When the weir 84' is used in place of the weir 84 (Fig. 1), 

25 changing the height of the weir 84' will change the volume of the hot 

fluidized bed 32, which will change the amount of time that the collected 
portions of core materials 28 are subjected to fluidizing, which will change 
the characteristics of the reclaimed sand. 

The effective height of either weir 84' or weir 84 (Figs. 1-3) can, 

30 also, be varied by a weir extension 153. As depicted in Fig. 5, a weir 

extension 1 53 is mounted to the upper end of the weir 84'. The mounting 
is acceptably facilitated by welding. The weir extension 1 53 in isolation is 
acceptably identical to the weir 84 (Figs. 1-3) of the first embodiment in 
isolation, except that the depicted weir extension 1 53 defines a shorter 

35 length. Weir extensions 153 of various lengths are within the scope of this 
disclosure. The weir extension 153 is a conduit that is square in an 
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isolated top or bottom plan view thereof The weir extension 153 includes 
four walls that bound and define a passage 94 5 that is open at the top and 
bottom of the weir extension 153. The walls of the weir extension 153 
further define an effective weir edge 100' over which sand 30 flows into 
5 the passage 94' of the weir extension 153. When the weir extension 153 
is mounted to the weir 84% the passage 94' of the weir extension 153 
communicates directly with the passage 94 of the weir 84'. 

In Fig. 5, the weir 84' is additionally fitted with a discharge conduit 

1 54 that depends from the bottom of the weir 84 \ As discussed in greater 
10 detail below, the discharge conduit 154 functions as an angled extension 

that extends from the base of the weir 84' and functions as a passive 
closure device. The discharge conduit 154 includes-an elongated upper 
section 155 and an elongated lower section 157, each of which has 
generally square cross-sections when cross-sectioned perpendicularly to its 

1 5 length. The discharge conduit 1 54 defines a passage 1 56 that is bound by 
the walls of the discharge conduit 1 54. The passage 156 is open at the 
opposite ends of the discharge conduit 154 such that sand 30 passes 
through the discharge conduit 154. The upper section 155 of the discharge 
conduit 154 is generally a straight, vertical, lower extension to the weir 

20 84'. The lower section 157 of the discharge conduit 154 is generally 

straight, and an angle "A" is preferably defined between the upper section 

155 and lower section 157. The angling of the discharge conduit 154 
enhances the operation of the discharge conduit 154. The discharge 
conduit 154, and particularly the lower section 157 of the discharge^ 

25 conduit 154, functions as a passive closure assembly. That is, if for some 
reason the cool fluidized bed 34 (also see Figs. 1 A, IB) becomes over 
filled, sand 30 will tend to accumulate in the passage 1 56 in a manner that 
seeks to obstruct passage through the weir 84'. Additionally, in 
accordance with an alternate embodiment (not shown), the system 107, 

30 107' (Figs. 1A, IB) is constructed such that the lower section 157 of the 
discharge conduit 154 is normally just slightly extending into the cool 
fluidized bed 34 such that sand 30 continues to flow though the weir 84' 
and the discharge conduit 1 54, but such that the atmosphere within the 
heating chamber 22, 22' (Figs. 1 A, IB) and die cooling chamber 24 (Figs. 

35 1 A, IB) do not freely pass through the weir 84' during operation of the 

system 107. Referring additionally to Figs. 1A, 1 B, the discharge conduit 
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1 54 can be installed in place of the valve 82f or in series with, and 
preferably downstream of, the valve 82f 
Operation 

Referring to Figs. 1 A and IB, in accordance with the most preferred 
5 embodiments, the furnace system 20, 20' (i) receives and heat treats 
castings, (ii) removes sand core materials 28 from the castings, (iii) 
actively reclaims sand 30 from the sand core materials 28, (iv) 
substantially cools the reclaimed sand 30, and (v) removes fines from the 
reclaimed sand 30. Initially, metal castings such as, but not limited to, 

10 aluminum castings are placed into baskets 26. The castings preferably 

have at least some sand core materials 28 attached thereto. The sand core 
materials 28 preferably comprise sand bound by a binder material such as, 
but not limited to, a combustible organic resin binder. Most preferably the 
castings are aluminum castings that define cavities and have substantially 

15 intact sand cores (comprising sand and combustible binder) therein. In 
accordance with an alternate embodiment, sand core materials 28 are 
introduced into the heating chamber 22 separate from the castings. 

The inlet door 38, 38' is temporarily opened and a basket 26 is 
placed upon one of the conveyer assemblies 42. Alternatively the castings 

20 may be placed directly upon the conveyer assemblies 42. As the castings 
are conveyed through the heating chamber 22, 22' at least a portion of the 
binder of the sand cores is involved in a chemical reaction (e.g., 
combustion or pyrolysis) resulting in sand core materials 28 being 
dislodged from and eventually exiting the castings. The castings are 

25 preferably maintained within the heating chamber 22, 22* for a sufficient 
period such that the castings are heat treated for at least several hours and 
the sand cores are substantially totally removed from the castings. In the 
preferred embodiments, the mentioned chemical reaction is accomplished 
as combustion as the relevant temperatures are raised to a level sufficient 

30 to combust the binder material and sufficient oxygen is made available (as 
air or otherwise) to support combustion. Oxygen is preferably supplied 
with the fluidizing medium (i.e. air) into the bottom of the heating chamber 
22, 22' by way of the fluidizing assembly 68. Oxygen can also be 
introduced by other means such as by exposing the burner 48 of Fig. 1 A to 

35 the atmosphere within the heating chamber 22 and by providing an excess 
amount of oxygen to the burner 48. 
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The sand core materials 28 that enter the hot fluidized bed 32, 32' 
are suspended and agitated within the heated (and, preferably, oxygenated) 
environment of the hot fluidized bed 32, 32' such that chemical reaction 
(e.g., combustion, in the preferred, oxygenated environment) is promoted 
5 involving the binder of the core material 28, which reaction results in 

binder separating from sand of the core material, sand originally making up 
part of the sand cores is reclaimed such that it is substantially ready for 
reuse. In addition to being heated by the heater assembly 73, the hot 
fluidized bed 32 of Fig. 1 A is heated due to its proximity to the heater 46 

10 and the heated environment within the heating chamber 22. Also, the sand 
30 within the cool fluidized bed 34 is at least initially very hot, and heat 
from the hot sand 30 rises naturally from the cool fluidized bed 34 to heat 
the heating chamber 22, 22' and the hot fluidized bed 32, 32'. For 
example, it is believed that at least some hot air may flow from the cooling 

1 5 chamber 24 to the heating chamber 22, 22' through the weir 84. 

Alternately, the system 20 is provided with additional open tubes (not 
shown) whose openings extend above the top of the discharge weir 84 (see 
Figs. 1 A and IB), which open tubes communicate between the heating 
chamber 22, 22' and the hottest zones of the cooling chamber 22 drawing 

20 hot air from the hottest zones of the cooling chamber into the heating 

chamber. Heat is also transferred between the hot fluidized bed 32, 32' 
and die cool fluidized bed 34 by way of forced convection. That is, the 
blower 70 draws fluidizing gases (e.g., air) that is preheated by the sand 
30 from the ventilation hood 134 and the hopper 120. It is believed that 

25 the preheated fluidizing gases drawn into the ventilation hood 134 will be 
approximately 100 to 120 degrees Celsius. Due to the fact that the sand 
30 within the hopper 120 may be substantially cooled, it may be preferable 
for the blower 70 to draw fluidizing gases solely from the ventilating hood 
1 34 or other substantially heated locations within the heating chamber 22, 

30 22'. Fines entrained with the fluidizing gases drawn from the ventilation 
hood 134 and hopper 120 (if tied into the intake side of the fluidizing 
assembly 68) are preferably separated from the fluidizing gases in the 
cyclone 144. The fines fall from the base of the cyclone 144 and are then 
collected for disposal. 

35 In accordance with the preferred embodiments, the sand 30 within 

the hot fluidized bed 32 flows toward the sand discharge weir 84 due to 
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the action of the fluidizing assembly 68 and the fact that the weir 84 is an 
outlet from the heating chamber 22, 22'. Additionally, the trough 54 (or its 
bottom 56) may be inclined slightly to enhance the flow of sand 30 toward 
the weir 84. During normal operations the valve 82f is open and the sand 

5 flows through the weir 84 and falls into the cool fluidized bed 34. The 
valve 82f may be closed automatically if such closure would aid in 
minimizing the negative impacts of certain types of equipment 
malfunctions. Similarly, the valve 82f may be operated for maintenance 
purposes. During normal operations the valves 82a-e preferably remain 

10 closed. However, those valves 82a-e may be opened in case of 

emergencies such as if the weir 84 becomes blocked. Opening of the 
valves 82a-e may be triggered by sensors that sense high levels of sand 
core materials 28 within the trough 54. Such sensors are acceptably 
mounted within the trough 54. The valves 82a-e may also be opened for 

1 5 maintenance purposes. 

The sand 30 that has fallen into the cool fluidized bed 34 is cooled 
by virtue of the fact that it is fluidized by a fluidizing gas such as ambient 
air. The sand 30 within the cool fluidized bed 34 flows toward and over 
the weir 122 due to the action of the cool fluidized bed 34 and the 

20 presence of the outlet duct 118. This flow is acceptably enhanced by 
slightly elevating the rear 37 end of the trough 106. The sand 30 flows 
through the outlet duct 1 18 to the hopper 120 and is later transported away 
from the hopper 120 by the pneumatic transporter 132. The cooling of the 
sand 30 is preferably enhanced by the cooling loops 124,126. 

25 With reference to Fig. 6, an exemplary, side-mounted embodiment 

of the cooling chamber 24' is schematically shown as part of the furnace 
system 20 ", integrated and contiguous with the heating chamber 22 ' of a 
convection-type furnace of the type depicted in Fig. IB. The heating 
chamber 22' is only partially shown in Fig. 6, but can be understood by 

30 reference to Fig. IB. Shown in Fig. 6 is the rear end 37 of the heating 
chamber 22' and the tilting outlet door 40' associated with the heating 
chamber. The rear end wall 64' of the heating chamber 22 ', in this 
embodiment, serves as a common wall 64 between the heating chamber 
and the cooling chamber 24'. Formed through the common wall 64' is a 

35 passage 94" which functions as a discharge weir communicating from the 
heating chamber 22' through the common wall to the cooling chamber 24' 
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The passage 94" is seen in this embodiment as being defined by an 
opening 176 and spillway 177. (See, also, Fig. 8). The passage 94" is 
positioned high enough within the common wall 64 to define the hot 
fluidized bed 32' at a height sufficient to engulf the castings therein. The 
area of the opening 1 76 is defined so as to meet the outflow requirements 
of the user, taking into consideration the volume of the hot fluidized bed 
32' and the desired duration for the sand 30 within the heating chamber. 
In alternate embodiments, the area of the passage opening 176 (and related 
spillway volume), as well as, alternately, the exact height of the passage 
94" along the common wall 64' are varied and/or variable to 
accommodate varying outflow and duration specifications. The cooling 
chamber 24' of this side-mounted embodiment is seen as also comprising 
an elongated receptacle (such as, but not limited to, a trough 106') and a 
fluidizing assembly (not shown), but similar to that assembly 108 of Fig. 
IB). It should be apparent to one reading this disclosure that the 
component system of the fluidizing assembly 108 shown in Fig. IB, 
including the blower 110, conduits 112, headers 1 14 and subheader 
assembly 1 16, is integrated with the trough 106' as shown in Fig. 6 and 
operated as described earlier. Depicted in Fig. 6 is also the hopper 120 
and outlet duct 11 8 by which the cooling chamber 24 communicates with 
the hopper 1 20 to discharge cooled sand from the cool fluidized bed 34' in 
a manner similar to that described above with respect to the embodiments 
of Figs. 1 A and IB. The hopper 120 discharges the cooled sand to a 
device such as, but not limited to, a pneumatic transporter. As mentioned 
with respect to the embodiments of Fig. 1 , a cooling loop 1 24 is preferably 
incorporated within the cooling chamber 24'. A basic classifying 
(ventilation) hood 134' is seen as covering the cooling chamber 24', and 
functions to remove fines and to draw hot fluidizing medium from the 
cooling chamber and also from the hopper 120 as previously described 
with respect to Fig. 1 . The fines are separated from the fluidizing medium 
at a cyclone (not shown) and, preferably, hot fluidizing medium is returned 
to the fluidizing assembly 68' (Fig. IB) associated with the heating 
chamber 22', also, as previously described with respect to Fig. 1 . The 
embodiment of Fig. 6 is depicted as having a heat exchanger 180 
positioned within the hottest zones of the cooling chamber 24' to take 
advantage of secondary heat reclamation, which reclaimed heat is re-used 
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within the furnace system 20 or, alternately, used elsewhere (such heat 
exchange being acceptably used also in the embodiments of Fig 1). 
Reference to Fig. 7 shows, in schematic representation, a serpentine flow 
path which is one of numerous alternate flow paths acceptably used in 

5 connection with the various embodiments of the present invention. In 
accordance with this serpentine flow embodiment, baffle walls 182 
channel the sand 30 along the chosen path. 

While the embodiments which have been disclosed herein are the 
preferred forms, other embodiments will suggest themselves to persons 

10 skilled in the art in view of this disclosure. Any relationships and 

dimensions shown on the drawings are given as the preferred relative 
relationships^ but the scope of this disclosure is not to be limited thereby. 


5DOCID: <WO 9730805A 1 J_> 


23 


I claim: 

CLAIMS 

A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 
containing the casting, with at least a portion of the sand core 

therein, in a furnace chamber; 
heating the furnace chamber to a temperature sufficient to 
loosen a portion of the sand core such that portions of the 
sand core are loosened from the cavity and exit the castings- 
while the casting is within the furnace; 
reclaiming sand, wherein the reclaiming step includes a step of 
fluidizing within the furnace chamber the portions of the 
sand core that exit the casting, wherein the fluidizing step 
includes a step of further heating binder material of the 
fallen portions of the sand core, 
discharging the reclaimed sand from the fluidized bed and the 

furnace chamber into a cooling chamber; 
cooling the reclaimed sand, wherein the cooling step includes a 
step of fluidizing the sand within the cooling chamber so 
that gasses are pre-heated within the cooling chamber; and 
collecting the preheated gasses from the cooling chamber and 
utilizing the preheated gasses in the reclaiming step. 

The method of claim 1 , wherein the heating step further comprises 
the step of heating the furnace chamber to a temperature sufficient 
to heat treat the casting. 

The method of claim 1 , wherein the heating step further comprises 
the step of heating the furnace chamber to a temperature sufficient 
to combust a combustible binder material acting as the binder 
material of the sand core. 
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4 The method of claim 1 , wherein the step of discharging further 

comprises the step of promoting the migration of sand in a fluidized 
bed toward and over a weir to discharge sand from the furnace 
chamber. 

5. The method of Claim 1 , wherein the furnace chamber and the 
cooling chamber are proximately located such that heat passes 
between the furnace chamber and the cooling chamber. 

6. The method of Claim 1 , wherein the collecting step includes a step 
of separating fines from the reclaimed sand. 

7. A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 

introducing the casting, with at least a portion of the sand core 
therein, into a furnace system, wherein the furnace system 
defines 

a heating region, and 

a cooling region disposed below and proximate to the 
heating region and in heat and gaseous 
communication with the heating region; 
heating the core material in the casting while the casting is 

disposed within the heat region to a temperature sufficient to 
loosen sand core material from the casting, wherein portions 
of the sand core exit from the casting into the heating region; 
reclaiming, at least partially and within the heating region, sand 
from the portions of the sand core that have exited the 
casting; 

discharging the reclaimed sand from the heating region into the 

cooling region; 
cooling the reclaimed sand in the cooling region; and 
discharging the reclaimed sand from the cooling region. 
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8. The method of claim 7, further comprising the step of heating 
treating the casting within the heating region. 

9. The method of claim 8, wherein the heat treating step is 
accomplished in an upper area of the heating region and the 
loosened sand core material falls from the casting to a lower area of 
the heating region, and the reclaiming step includes the step of 
fluidizing core material in the lower area. 

10. The method of Claim 7, further composing a step of removing fines 
from the furnace system. 

1 1 . The method of Claim 7, further comprising a step of removing fines 
from the sand within the cooling region. 

12. The method of Claim 7, wherein the step of discharging the 
reclaimed sand from the reclaiming region includes a step of 
directing a flow of the reclaimed sand over a weir so that the 
reclaimed sand falls from the weir into the cooling region. 


13. The method of Claim 7, 

wherein the system includes a support assembly for supporting 

the casting within the heat region, and 
wherein the introducing step includes a step of placing the 

casting upon the support assembly, 

14. The method of claim 7, 

wherein the heating step includes a step of combusting binder 
material of the portion of the sand core to dislodge sand core 
material from the casting, and 

wherein the reclaiming step includes a step of fluidizing the 
portions of sand core that have exited the casting in a 
manner that facilitates the step of further combusting. 
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15. The method of Claim 14, further comprising a step of withdrawing 
gasses from the cooling region and utilizing those withdrawn gasses 
in the fluidizing step of the reclaiming step. 

16. The method of Claim 1 5, further comprising a step of removing 
fines from the sand within the cooling region. 

17. The method of Claim 16, wherein the step of removing fines 
includes steps of entraining fines in the gasses drawn from the 
cooling region and separating the fines from the gasses. 

18. A furnace system for processing a casting having sand core material 
attached thereto and reclaiming sand from the sand core material, the 
sand core material comprising sand particles bound together by a 
binder material, the sand core material defining a cavity within the 
casting, and the furnace system comprising: 

a heating work chamber for receiving the casting there within; 

heating means for heating said heating work chamber to a 

temperature sufficient to pyrolize binder material of the sand 
core, whereby portions of the sand core material are 
loosened and exit from the casting while the casting is 
within said heating work chamber; 

a reclaiming fluidizer within said work chamber for substantially 
reclaiming sand from portions of the sand core material, and 

a cooling fluidizer for receiving the reclaimed sand from said 
reclaiming fluidizer and cooling the reclaimed sand, wherein 
said cooling fluidizer is proximate to and in heat and 
gaseous communication with said reclaiming fluidizer. 

1 9. The furnace system of claim 1 8, wherein said work chamber defines 
a casting conveyor region and a fluidized region separate from said 
conveyor region, said reclaiming fluidizer being disposed within 
said fluidizer region. 

20. The furnace system of claim 18, wherein said work chamber defines 
a fluidizer region and said reclaiming fluidizer is disposed within 
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said fluidizer region, and wherein the furnace system further 
comprises a conveyor within said fluidizer region of said work 
chamber, whereby castings are conveyed by the conveyor through 
the fluidizer region. 

5 

21 . The furnace system of claim 1 8, further comprising a conveying 
means for conveying the reclaimed sand and any attached binder 
material away from said furnace system. 

10 22. The furnace system of claim 1 8, 

wherein said cooling fluidizer is disposed within a cooling work 
chamber, and 

wherein said reclaiming fluidizer takes suction from said cooling 
work chamber. 

15 

23. The furnace system of claim 1 8, further comprising an intake 

assembly, wherein said reclaiming fluidizer takes suction from said 
cooling work chamber through said intake assembly, and wherein 
said intake assembly is operative to remove fines from the cooling 
work chamber. 

The furnace system of claim 23, further comprising slats positioned 
proximate to said intake assembly and operative to deflect panicles 
from said intake assembly. 

The furnace system of claim 22, wherein said reclaiming fluidizer is 
disposed within said heating work chamber and said heating work 
chamber and said cooling work chamber are contiguous. 

The furnace system of claim 25, wherein said cooling work chamber 
includes a top and said heating work chamber is mounted to said top 
of said cooling work chamber. 

The furnace system of claim 18 ? further comprising a weir for 
passing the reclaimed sand from said reclaiming fluidizer to said 
cooling fluidizer. 


20 


24. 


25 


25. 
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27. 
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28. The furnace system of claim 27, 

wherein said weir defines a height, and 

wherein the furnace system further comprises adjustment means 
for adjusting said height of said weir 


29 A furnace system for processing a casting having sand core material 
attached thereto and reclaiming sand from the sand core material, the 
sand core material comprising sand particles bound together by a 
binder material, the sand core material defining a cavity within the 
casting, and the furnace system comprising: 

a heating work chamber for.receivmg the casting therewithin; 
heating means for heating said heating work chamber to a 
temperature sufficient to dislodge portions of the sand core 
material from the casting, whereby portions of the sand core 
material exit the casting while the casting is within said 
heating work chamber; 
a receptacle for receiving the portions of the sand core material 
which have exited the casting, said receptacle bemg in 
gaseous and heat communication with said heating work 
chamber, said receptacle including a bottom; 
a fluidizer for fluidizing the sand core material within said 

receptacle to reclaim sand; 
a weir conduit defining an elongated passage and including 

a first end including a weir edge that defines an upper 
weir opening that is open to said passage, wherein 
sand flows over said weir edge into said passage to 
exit said receptacle, and wherein said opening is 
disposed above said bottom of said receptacle to 
define a weir height, and 
a second end, wherein said passage is open at said 

second end and the sand flows from said second end 
to exit said receptacle; and 
adjustment means for adjusting said weir height so that the 
amount of time that the sand core material is subjected to 
said fluidizer is adjusted. 
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30. The furnace system of claim 29, wherein said adjustment means 
includes an extension connected to said weir conduit and extending 
above said weir edge. 

5 

3 1 . The furnace system of claim 30, wherein said extension is an 
elongated conduit connected to said weir conduit and extending 
upward from said weir edge. 

10 32. The furnace system of claim 29, 

wherein said bottom defines an aperture disposed beneath said 

weir edge, and ; 
wherein said aperture and said weir are constructed so that the 
sand flows through said aperture subsequent to flowing over 
15 said weir edge. 

33. The furnace system of claim 32, wherein said adjustment means 
includes an adjustable connection between said weir conduit and 
said bottom 

20 

34. The furnace system of claim 32, wherein said weir extends through 
said aperture and includes an upper end disposed above said 
aperture and a lower end disposed beneath said aperture such that 
said bottom extends substantially around said weir, wherein said 

25 weir is movably associated with said bottom such that said upper 

end is capable moving between a first position in which said upper 
end is a first height above said bottom and a second position in 
which said upper end is a second height above said bottom. 

30 35. The furnace system of claim 34, wherein said adjustment means 
includes a flange connected to said bottom and cooperating with 
said weir to maintain said weir alternatively in said first height and 
said second height. 

35 36. The furnace system of claim 35, 

wherein said flange includes a first aperture. 
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wherein said weir defines a second aperture, and 

wherein said adjustment means includes a pin for removably 

inserting into said first aperture and said second aperture to 

maintain said weir at said first height. 

The furnace system of claim 36, 

wherem said wall of said weir defines a third aperture, 
wherein said pin is further for removably inserting into said first 

aperture and said third aperture to maintain said weir at said 

second height. 

A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 
containing the casting, with at least a portion of the sand core 
therein, in a furnace chamber heated to a temperature 
sufficient to pyrolize the binder material, whereby binder 
material of at least a portion of the sand core disposed 
within the casting pyrolizes and portions of the sand core are 
loosened and exit the cavity of the casting while the casting 
is within the furnace; 
reclaiming sand including a step of fluidizing within the furnace 
chamber the portions of the sand core which have exited the 
casting, wherein the fluidizing step includes steps of 

further pyrolizing binder material of the portions of the 

sand core that have exited the casting, and 
promoting the migration of sand in a fluidized bed 

toward and over a weir to discharge reclaimed sand 
from the furnace chamber; and 
changing the height of the weir so that the size of the fluidized 
bed is changed and the amount of time that the collected 
portions of sand core are subjected to the fluidizing step is 
changed. 
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The method of claim 38, further comprising the step of heating the 
furnace chamber to a temperature sufficient to combust a 
combustible binder material acting as the binder material of the sand 
core. 

The method of claim 38, farther comprising the step of heating the 
furnace chamber to a temperature sufficient to heat treat the casting. 

The method of claim 38, further comprising the step of heatmg 
treating the casting within the heating region. 

The method of claim 4 1 , wherein the heat treating step is 
accomplished m an upper area of the furnace chamber and the 
loosened sand core material falls from the casting to a lower area of 
the furnace chamber, and the fluidizing step includes the step of 
fluidizing core material in the lower area. 

A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 
containing the casting in a furnace system; 
heating the casting to a temperature sufficient to pyrolize bmder 
material, whereby binder material of at least a portion of the 
sand core disposed within the casting pyrolizes and portions 
of the sand core are loosened and exit the cavity of the 
casting while the casting is within the furnace system; and 
reclaiming sand from the portions of the sand core which have 
exited the casting, including the steps of 

drawing gasses from the furnace system, and 
extracting fines from the sand by entraining fines in the 
gasses drawn from the furnace system. 

The method of claim 43, wherein the heating step further comprises 
the step of heating the furnace chamber to a temperature sufficient 
to heat treat the casting. 
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45. The method of claim 43, wherein the heating step further comprises 
the step of heating the furnace casting to a temperature sufficient to 
combust a combustible binder material acting as the binder material 
5 of the sand core. 


46. The method of claim 43, further comprising the step of promoting 
the migration of sand in a fluidized bed toward and over a weir to 
discharge sand from the furnace chamber. 

10 

47. The method of claim 43, further comprising the step of heating 
treating the casting within the furnace system. 

48. The method of claim 43, wherein the heat treating step is 

1 5 accomplished in an upper area of the furnace system and the 

loosened sand core material falls from the casting to a lower area of 
the furnace system, and the reclaiming step includes the step of 
fluidizing core material in the lower area. 

20 49. The method of claim 43, wherein the reclaiming step further 
includes a step of fluidizing portions of the sand core with the 
gasses of the drawing step, wherein the fluidizing is earned out 
within the furnace system. 

25 50. The method of claim 43, 

wherein the reclaiming step further includes a step of fluidizing 

the sand in a cool fluidized bed, 
wherein the drawing step draws gasses from proximate to the 
cool fluidized bed to capture waste heat from proximate to 
30 the cool fluidized bed, and 

wherein the reclaiming step further includes a step of fluidizing 
the portions of the sand core with the gasses of the drawing 
step and within the furnace system. 
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The method of claim 50, further comprising a step of separating the 
fines from the gasses pnor to the step of fluidizing the fallen 
portions of the sand care. 

A furnace system for processing a casting having sand core material 
attached thereto and reclaiming sand from the sand core material, the 
sand core material comprising sand particles bound together by a 
binder material, the sand core material defining a cavity within the 
casting, and the furnace system comprising: 

a heating work chamber for receiving the casting therewithin; 
a heater for heating said heating work chamber to a temperature 
sufficient to dislodge portions of the sand core from the 
casting, whereby portions of the sand core material exit the 
casting while the casting is within said heating work 
chamber; 

a reclaiming fluidizer for receiving the portions of the sand core 
material that exit the casting and substantially reclaiming 
sand from the portions of the sand core material, wherein 
said reclaiming fluidizer is proximate to and in heat and 
gaseous communication with said heating work chamber; 
and 

a cooling fluidizer for receiving the reclaimed sand from said 
reclaiming fluidizer and cooling the reclaimed sand, 

wherein said reclaiming fluidizer is operative to draw heated 
gasses from proximate to said cooling fluidizer and use the 
heated gasses in the reclaiming of sand from the fallen 
portions of the sand core. 

The furnace system of claim 52, further comprising an intake 
assembly proximate to said coolmg fluidizer, wherein said 
reclaiming fluidizer is operative to draw the heated gasses from 
proximate to said cooling fluidizer through said intake assembly, 
and wherein said intake assembly ts operative to remove fines from 
proximate to the cooling fluidizer. 
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54. The furnace system of claim 53, further composing slats positioned 
proximate to said intake assembly and operative to deflect panicles 
from said intake assembly. 

5 55. The furnace system of claim 52, wherein said reclaiming fluidizer is 
disposed within said heating work chamber. 

56. The furnace system of claim 52, further comprising a conveyor 
disposed in an upper area of said heating work chamber, wherein 
10 said reclaiming fluidizer includes a bed of fluidizing medium 

disposed in a lower area of said work chamber. 

57 A method for processing a casting having a sand core and 

reclaiming sand from the sand core, the sand core comprising sand 
15 particles bound together by a binder material, the sand core defining 

a cavity within the casting, and the method comprising steps of: 
introducing the casting, with at least a portion of the sand 

core therein, into a furnace system, wherein the furnace 
system defines 
20 a heating region, and 

a cooling region in heat and gaseous communication 
with the heating region; 
heating the core material in the casting while the casting is 
disposed within the heat region to a temperature 
25 sufficient to both heat treat the casting and loosen sand 

core material from the casting, wherein portions of the 
sand core exit from the casting into the heating region; 
reclaiming, at least partially and within the heating region, 

sand from the portions of the sand core that have exited 
30 the casting; 

discharging the reclaimed sand from the heating region into 

the cooling region; 
cooling the reclaimed sand in the cooling region; and 

discharging the reclaimed sand from the cooling region. 

35 
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58. The method of Claim 7, further comprising a step of removing fines 
from the furnace system. 

59. The method of Claim 7, further comprising a step of removing fines 
5 from the sand within the cooling region. 


OOCICh <WO 9730805A1J_> 


WO 97/30805 


PCT/US97/02645 



50OCID: <WO 9730805MJ_> 


WO 97/30805 


PCT7US97/02645 



WO 97/30805 


PCT/US97/02645 



3DOCID: <WO 9730805A1J_> 


WO 97/30805 


PCI7US97/02645 



OOCtO <WO 9730805A1_I_> 


WO 97/30805 


PCT/US97/02645 



5DOCID: <WO 9730805A 1 _l_> 


WO 97/30805 


PCT/US97/02645 



300CID: <WO 973080SA1J_> 


WO 97/30805 


PCT7US97/02645 



JDOCID: <WO 9730805A1 J_> 


WO 97/30805 


PCT7US97/02645 



8/9 


3DOCIO <WO 9730805A1 J_> 


WO 97/30805 PCTYUS97/02645 


co 

iL 


9/9 


OOCID: <WO 9730805A 1 J_> 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US97/02645 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) B22C 25/00. B22D 29/00 
US CL 164/5, 131. 132, 404; 266/44, I 76 
According to International Patent Classification (IPC) or lo both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 164/5, 131, 132, 404; 266/44, 176 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

Y 
Y 
A 

GB 2,137.114 A (CAMPBELL) 03 OCTOBER 1984, 
ABSTRACT, PAGE 6, LINES 10-12, FIG. 4. 

US 5,294,094 A (CRAFTON ET AL) 15 MARCH 1994, SEE 
ABSTRACT AND FIG. 2. 

DE 2,458,150 A (STAUBMANN) 18 DECEMBER 1975, SEE 
ABSTRACT AND THE FIG. 

1-28,38-59 
1-28, 38-59 
1-59 

| | Furtl 

ier documents are listed in the continuation of Box C. | 1 Sec patent family annex. 

• Special c*iegone» of cited documents: "T" later document published after the international filing date or priority 

dale and not in conflict with the application but cited to understand the 
*A* document defining the general iUte of the art which ia not considered principle or theory underlying the invention 
to be of particular relevance 

*X" document of particular relevance: the claimed invention cannot be 
*E" earlier document published on or after the international Tiling dote considered novel or cannot be considered to involve an inventive atep 

•1/ document which .nay throw doubts on pnoriry claim(a) or which is lhc document is tsken alone 

cited to eatabliah the publication date of another citation or other . , . . . . . ■ - ■ u_ 

■ , „.„ „^.;r.«rfi Y document of particular relevance; the claimed invention cannot be 

,pecal reason (as aneciHed) considered to involve an inventive atep when the document m 

"O* document referring to an oral diseloaure. une. exhibition or other combined with one or more other such document*. iuch combination 
mcMftM being obvious to a person •killed in the art 

*P" document publinhed prior to the international Tiling dote but later than document member of the same patent family 
the priority dale claimed 

Date of the actual completion of the international search 
23 APRIL 1997 

Date of mailing of the international search report 

19 MAY 1997 , 

Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 

Box PCT -t 
Washington. D C. 20231 1 

Facsimile No. (703) 305-3230 

Authorized officer /^5 fc P^?r v ^^> ^ J**-^/ 

{ -^Shcua t Vcmiv 1/ 
rr- kuang y. lin (Fm^i^aCS^cixsCist 

Telephone No. (703) 308-2322 CyrOllV jZOU 


Form PCT/ISA/2I0 (second sheet)(July 1992)* 


SOOCID: <WO 973O805A1J_> 


CORRECTED 
VERSION* 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification ° : 


(11) International Publication Number: 

WO 97/30805 

B22C 25/00, B22D 29/00 

Al 

(43) International Publication Date: 

28 August 1997 (28.08.97) 


(21) International Application Number: PCT/US97/02645 

(22) International Filing Date: 20 February 1997 (20.02.97) 


(30) Priority Data: 

60/012,308 


23 February 1996 (23.02.96) US 


(71) Applicant (for all designated States except US): CONSOLI- 

DATED ENGINEERING COMPANY, INC. [US/US]; 2871 
McCollum Parkway, N.W., Kennesaw, GA 30144-3651 
(US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): CRAFTON, Scott, P. 
[US/US]; 899 Old Mountain Road. Marietta. GA 30064 

(US). 

(74) Agents: ISAF, Louis, T. et al.; Isaf. Vaughan & Kerr, P.O. Box 
720601. Atlanta, GA 30358-2601 (US). 


(81) Designated States: AL. AU. BA, BB. BG. BR. CA. CN, CU. 
CZ. EE, GE. HU, IL. IS. JP. KP. KR. LC. LK. LR, LT. LV. 
MG, MK. MN, MX. NO, NZ. PL, RO. SG, SI, SK. TR. TT. 
UA. US. UZ. VN, ARIPO patent (KE, LS. MW, SD. SZ, 
UG). Eurasian patent (AM. AZ, BY, KG, KZ. MD. RU. TJ. 
TM), European patent (AT, BE, CH. DE. DK, ES, Fl. FR. 
GB. GR, IE. IT. LU. MC. NL. PT, SE), OAPI patent (BF, 
BJ. CF, CG. CI. CM, GA. GN. ML, MR, NE. SN. TD. TG). 


Published 

With international search report. 


(54) Title: SYSTEM AND PROCESS FOR RECLAIMING SAND 



(57) Abstract 

Provided is a five-in-one process/integrated furnace system (20, 20') that (i) receives and heat treats a casting, (ii) removes sand core 
material (28) from the casting, (iii) actively reclaims sand from the sand core material (28), (iv) substantially cools the reclaimed sand (30), 
and (v) removes fines from the reclaimed sand (30). The furnace system (20, 20') includes a heating chamber (22. 22*) disposed above 
and contiguous with a cooling chamber (24). The heating chamber (22, 22') and cooling chamber (24) are preferably constructed so that 
heat and gasses pass therebetween. The healing chamber (22, 22') receives and heat treats metal castings. During the heat treating process, 
sand core materials (28) are dislodged from the castings and enter into a sand reclaiming region. A hot fluidized bed (32, 32*) functions 
to reclaim sand from the sand core materials (28) within the heating chamber (22, 22'). Fines are also recovered during the reclaiming 
process. 


* (Referred 10 in PCT Gazette No. 46/1997, Section I!) 
ISOOCID: <WO 973080SA1 JA> 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 


AM 

Armenia 

GB 

United Kingdom 

MW 

Malawi 

AT 

Austria 

GE 

Georgia 

MX 

Mexico 

AU 

Australia 

GN 

Guinea 

NE 

Niger 

BB 

Barbados 

GR 

Greece 

NL 

Netherlands 

BR 

Belgium 

HU 

Hungary 

NO 

Norway 

BF 

Burkina Faso 

IE 

Ireland 

NZ 

New Zealand 

BG 

Bulgaria 

IT 

Italy 

PL 

Poland 

BJ 

Benin 

JP 

Japan 

FT 

Portugal 

BR 

Brazil 

KE 

Kenya 

RO 

Romania 

BY 

Belarus 

KG 

Kyrgystan 

RU 

Russian Federation 

CA 

Canada 

KP 

Democratic People's Republic 

SD 

Sudan 

CF 

Central African Republic 


of Korea 

SE 

Sweden 

CG 

Congo 

KR 

Republic of Korea 

SG 

Singapore 

CH 

Switzerland 

KZ 

Kazakhstan 

SI 

Slovenia 

CI 

Cdte d'lvoire 

LI 

Liechtenstein 

SK 

Slovakia 

CM 

Cameroon 

LK 

Sri Lanka 

SN 

Senegal 

CN 

China 

LR 

Liberia 

sz 

Swaziland 

CS 

Czechoslovakia 

LT 

Lithuania 

TD 

Chad 

CZ 

Czech Republic 

LU 

Luxembourg 

TG 

Togo 

DE 

Germany 

LV 

Latvia 

TJ 

Tajikistan 

DK 

Denmark 

MC 

Monaco 

TT 

Trinidad and Tobago 

EE 

Estonia 

MD 

Republic of Moldova 

UA 

Ukraine 

ES 

Spain 

MG 

Madagascar 

UG 

Uganda 

FI 

Finland 

ML 

Mali 

US 

United States of America 

FR 

France 

MN 

Mongolia 

uz 

Uzbekistan 

GA 

Gabon 

MR 

Mauritania 

VN 

Vict Nam 


30OCID: < WO 9730805A 1 J A> 


WO 97/30805 


PCT/US97/02645 


SYSTEM AND PROCESS FOR RECLAIMING SAND 


10 


CROSS-REFERENCE TO RELATED APPLICATION 

1 5 This application claims the benefit of priority to U.S. Provisional 

Patent application serial no. 60/012,308, filed on February 23, 1996 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of foundry 

20 processing, and more particularly to heat treating metal castings and 

reclaiming sand from sand cores and sand molds used in the manufacture 
of metal castings. 

Many changes have been made in the field of heat treating metal 
castings and reclaiming sand from sand cores and sand molds used in the 

25 manufacture of metal castings. Examples of some recent disclosures 
which address the heat treating of castings, removal of sand cores, and 
further reclaiming of sand are found in U.S. Patents Number 5,294,094, 
5,354,038, and 5,423,370, each of which is expressly incorporated herein 
by reference, in their entirety. Those patents disclose a three-in-one 

30 process / integrated system that (i) receives and heat treats a casting, (ii) 
removes sand core / sand mold materials from the casting, and (iii) 
reclaims sand from the sand core / sand mold materials removed from the 
casting; the 094 and 038 patents embodying a convection furnace species 
and the '370 patent embodying a conduction furnace species. The sand 

35 core / sand mold materials (referred to hereafter as sand core materials) 
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comprise sand that is held together by a binder material such as, but not 
limited to, a combustible organic resin binder. 

Technology such as that disclosed in the above-mentioned patents 
are driven, for example, by competition; increasing costs of raw materials, 
5 energy, labor, and waste disposal; and environmental regulations. Those 
factors continue to mandate improvements in the field of heat treating and 
sand reclamation. 

SUMMARY OF THE INVENTION 

10 Briefly described, a preferred embodiment of the present invention 

comprises a unique five-in-one process / integrated system that (i) receives 
and heat treats a casting, (ii) removes sand core materials from the casting, 
(in) actively reclaims sand from the sand core materials, (iv) substantially 
cools the reclaimed sand, and (v) removes fines from the reclaimed sand. 

1 5 In accordance with one embodiment of the present invention, the process / 
integrated system does not remove fines from the reclaimed sand, whereby 
a four-in-one process is provided. In accordance with still another alternate 
embodiment of the present invention, the process / integrated system does 
not heat treat, whereby a four-in-one (or three-in-one, if fines are not 

20 removed) process is provided. The various steps and subsystems of the 
aforementioned processes and systems are uniquely integrated and 
cooperate in a synergistic manner. 

In accordance with the preferred embodiment of the present 
invention, a furnace system is provided that has a heating chamber (e.g., a 

25 furnace chamber) integrated and contiguous with a cooling chamber. The 
heating chamber and cooling chamber are preferably constructed so that 
heat and gasses pass therebetween. The heating chamber is preferably in 
the general form of a heat treating furnace, and includes, but is not limited 
to, both convection and conduction type furnaces. The heating chamber 

30 receives and heats and, preferably, heat treats, metal castings. During the 
heating process, sand core materials are dislodged from the castings and 
collected in a hot fluidized bed within the heating chamber. The hot 
fluidized bed functions to at least partially reclaim sand from the sand core 
materials. The heat associated with the heat treating and the heat 

35 associated with the hot fluidized bed are preferably both maintained within 
the heating chamber to maximize heating efficiency. 


ISOOCID: <WO 9730805A1 JA> 


WO 97/30805 


PCT/US97/0264S 


3 

The sand reclaimed in the hot fluidized bed falls into the integrated 
cooling chamber. The cooling chamber of a first category of preferred 
embodiments (sometimes referred to herein as the "below-mounted" 
embodiments) is mounted below, and most preferably directly beneath, the 
5 heating chamber. In preferred ones of these below-mounted embodiments, 
at least some heat from the reclaimed sand within the cooling chamber 
rises to heat the heating chamber. In a second category of preferred 
embodiments (sometimes referred to herein as "side-mounted" 
embodiments), the cooling chamber is aligned beside the heating chamber. 

10 Additionally, a blower that supplies fluidizing medium to the hot 

fluidized bed draws preheated air from above the cool fluidized bed, 
whereby the waste heat associated with the cool fluidized bed is recycled 
for use in the hot fluidized bed. Additionally, the blower that supplies the 
hot fluidized bed entrains fines with the heated air drawn from the cooling 

15 chamber. The fines are separated from the heated air, for example in a 
cyclone, before the heated air comes in contact with the blower. 

In accordance with preferred embodiments of the present invention, 
the hot fluidized bed and the cool fluidized bed are disposed within a first 
trough and a second trough, respectively. Fluidizing assemblies 

20 substantially cover the bottoms of the troughs. Each of the troughs is 
equipped with a discharging device, such as a valve, that controls 
discharging from and the level of the respective fluidized bed. In 
accordance with exemplary preferred embodiments, a weir (or weirs) 
controls the discharging from and level of the fluidized beds. The 

15 materials within the fluidized beds flow naturally toward the discharge 
weir, and sand eclipsing the discharge weir of the heating chamber falls 
into the cooling chamber. 

In exemplary below-mounted embodiments, the weir associated 
with the hot fluidized bed is a sand discharge weir that is in the form of an 

so upright conduit. The sand discharge weir extends upward from the bottom 
of the first trough and communicates with an aperture in the bottom of the 
first trough. The reclaimed sand flows into the upper end of the sand 
discharge weir, passes through the sand discharge weir and thereby the 
aperture in the bottom of the first trough, and falls from the bottom of the 

5 sand discharge weir into the cool fluidized bed. In certain, alternate 
below-mounted embodiments, a baffle is disposed above the weir that 
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seeks to ensure that sand core materials do not fall directly into the sand 
discharge weir without first being processed within the hot fluidized bed. 

In exemplary side-mounted embodiments, the discharge weir 
comprises an opening and spillway formed within a common wall of the 
5 heating chamber and cooling chamber. Sand of the hot fluidized bed 
reaching the height of the opening exits the heating chamber and spills 
over the spillway to fall into the cool fluidized bed of the cooling chamber. 

In accordance with exemplary embodiments of the present 
invention, sand discharge weirs are accessorized and/or modifiable to 
10 allow for variations in their effective height. The effective height of a sand 
discharge weir is varied to vary the dwell time of sand core materials 
within the hot fluidized bed. Variations in dwell time result in variations in 
the characteristics of the reclaimed sand. Additionally, in accordance with 
exemplary below-mounted embodiments of the present invention sand 
1 5 discharge weirs are equipped with angled extension conduits. An angled 
extension conduit extends from the base of a sand discharge weir and 
functions as a passive closure device. 

It is, therefore, an object of the present invention to increase the 
efficiency of heat treating and sand reclamation processes. 
20 Another object of the present invention is to provide an integrated 

system for accomplishing multiple casting, core and sand processing steps. 

Yet another object of the present of the present invention is to 
provide an improved method and apparatus for removing sand core 
material from a casting and reclaiming sand from the sand core material. 
25 Still another object of the present invention is to provide a single 

system that provides for substantially complete sand reclamation. 

Still another object of the present invention is to utilize waste heat. 

Still another object of the present invention is to provide control 
over the characteristics of reclaimed sand. 
30 Still another object of the present invention is to provide a very 

efficient means for heat treating castings and reclaiming sand, whereby 
environmental impact is minimized. 

Still another object of the present invention is to provide weirs with 
variable heights. 
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Other objects, features, and advantages of the present invention will 
become apparent upon reading and understanding this specification, when 
taken in conjunction with the accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a schematic, side cut-away view of a furnace system in 
accordance with a first preferred embodiment of the present invention, 
depicting a first furnace type. 

Fig. IB is a schematic, side cut-away view of a furnace system in 
10 accordance with a second preferred embodiment of the present invention, 
depicting a second furnace type. 

Fig. 2 is an isolated, schematic, perspective view of a collection 
trough, discharge openings, and sand discharge weir of the furnace system 
of Figs. 1 A and IB. 

15 Fig. 3 is a schematic, cut-away, cross-sectional view of a portion of 

the furnace system of Figs. 1A, IB taken along line 3-3 of Fig. 2. The 
sand discharge weir is central to Fig. 3. Additionally, substantial portions 
of the furnace system have been cut-away, and cross-sectioned fluidizing 
tubes are shown. 

20 Fig 4 is an isolated, schematic view depicting the preferred stacked 

and contiguous relationship between a heating chamber and a cooling 
chamber of the furnace system of Figs. 1 A and IB. 

Fig. 5 is similar to Fig. 3, but depicts an alternate and accessorized 
sand discharge weir in accordance with an exemplary embodiment of the 
25 present invention. 

Fig. 6 is a schematic, cut-away side view of a furnace system in 
accordance with the present invention, depicting a side-mounted cooling 
chamber embodiment. 

Fig. 7 is an isolated, schematic, top plan view of the cooling 
30 chamber of Fig. 6, taken along line 7-7 of Fig. 6, 

Fig. 8 is a schematic, cross-sectional end view taken along line 8-8 
of Fig. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
35 EMBODIMENTS 
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Referring to the drawings in which like numerals represent like 
components throughout the several views, Figs. 1 A and IB show 
schematic, side cut-away views of a furnace system 20, 20' in accordance 
with alternate, preferred embodiments of the present invention. The 

5 furnace system 20, 20' includes a heating chamber 22, 22' (e.g., a heat 

treating furnace or furnace chamber) situated above and contiguous with a 
cooling chamber 24. The heating chamber 22, 22' receives and heats 
castings and the cores therein (that are acceptably transported through the 
heating chamber 22, 22' in, for example, baskets 26a,b), dislodges sand 

1 0 core materials 28 from the castings, and actively reclaims sand from the 
sand core materials 28. In the most preferred embodiments, the heating 
chamber 22, 22' also heat treats the castings. The reclaiming is carried 
out, at least in part, in a hot fluidized bed 32, 32' that is preferably 
disposed within the heating chamber 22, 22'. The sand 30 (including the 

1 5 substantially reclaimed sand) falls from the heating chamber 22, 22' into 

the cooling chamber 24 through an outlet such as, but not limited to, a sand 
discharge weir 84 . Once in the cooling chamber 24, the sand 30 is cooled 
in a cool fluidized bed 34. Additionally, fines are removed from the 
reclaimed sand 30 within the cooling chamber 24. Fines include particles 

20 such as, but not limited to, pieces of sand and any accompanying pieces of 
ash or binder material smaller than a predetermined size. 

A front 35 and a rear 37 are defined. The heating chamber 22, 22' 
includes insulated walls 36, an insulated inlet door 38, 38' toward the front 
35, and an insulated outlet door 40, 40' toward the rear 37. The walls 36 

25 and doors 38, 38', 40, 40' bound and define the heated work chamber 22, 
22'. In the embodiment shown in Fig. 1 A, an upper conveyer assembly 
42a (e.g., a roller hearth) and a lower conveyer assembly 42b (e.g., a roller 
hearth) extend through the heating chamber 22 from the inlet door 38 to 
the outlet door 40. In the embodiment of Fig. IB: the basket 26 is 

30 supported by an overhead gondola conveyor assembly 42' which conveys 
the basket, with the casting therein, through the heating chamber 22'; the 
inlet door 38' and outlet door 40' are depicted as "tilting" doors to allow 
the introduction and removal of the basket/casting into and out of the 
heating chamber 22; and the upper wall 36a of the heating chamber is 

35 formed with a cable channel 39 to accommodate passage of the cable 41 

from the overhead conveyor assembly. The conveyer assemblies 42a, 42b, 
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42' each receive and transport the castings (which are preferably disposed 
within baskets 26) through the heating chamber 22, 22 ' in a direction 
defined from the front 35 toward the rear 37. A casting quench facility 
(not shown) is preferably proximate to the outlet door 40 such that castings 
can be immediately quenched upon removal from the heating chamber 22, 
22'. The baskets 26 are of open construction to permit sand core materials 
28 dislodged from the castings to freely exit the baskets 26. Similarly, the 
conveyer assemblies 42 are constructed so that dislodged sand core 
materials 28 pass freely therethrough. 

The embodiment depicted in Fig. 1 A represents an embodiment 
wherein the heating chamber 22 is that of a convection type fxirnace, while 
the embodiment of Fig. IB represents an embodiment in which the heating 
chamber 22' is characterized as a conduction furnace (such as a fluidized 
bed furnace.) Whether the heating chamber 22, 22' is that of a convection 
furnace or that of a conduction furnace, as represented by the drawing 
figures, or is a furnace of some other known or yet unknown type, the 
furnace system 20, 20' is provided with heaters (see heaters 46 in Fig. 1 A; 
heaters not seen in Fig. IB) which heat the atmosphere and/or conducting 
medium in the heating chamber 22, 22' to a processing temperature, in the 
preferred embodiment, sufficient to both heat treat castings and to combust 
(and which same temperature is sufficient, in regions lacking oxygen, to 
pyrolize) the binder that binds the sand of the core material 28, whereby 
core materials 28 are dislodged from and eventually exit the castings. For 
example, in preferred embodiments, the heating chamber 22, 22' is heated 
to a processing temperature in the range of 850 to 1400 degrees Fahrenheit 
(most preferably in the range of 850 to 1000 degrees Fahrenheit). 

In the embodiment of Fig. 1 A, a single heater 46 is schematically 
illustrated as including a burner 48 within a U-shaped tube 50. Preferably, 
a plurality of heaters 46 are employed within the heating chamber 22. The 
U-shaped tube 50 isolates the burner 48 from the atmosphere within the 
heating chamber 22. Alternatively, the burner 48 is exposed to the 
atmosphere within the heating chamber 22. A variety of different types of 
heaters, as would be understood by persons skilled in the art of the various 
types of furnaces, can be used to heat the heating chamber 22, 22' of the 
embodiments of Figs 1 A and IB. 
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The heaters are, preferably, capable of heating the atmosphere 
and/or conducting medium within the heating chamber 22, 22' to a 
processing temperature sufficient to simultaneously heat treat the castings 
and dislodge sand core materials 28 from cavities within the castings. The 
5 sand core materials 28 preferably comprise sand that is bound by a 

combustible binder material such as, but not limited to, an organic resin 
binder. Thus, in at least the preferred embodiments, heating chamber 22, 
22' is heated to above the combustion temperature of the organic resin 
binder. 

10 The heating chamber 22 of the embodiment of Fig. 1 A can be 

characterized as a convection heating furnace including multiple zones 
through which the baskets 26 pass sequentially. For example, in Fig. 1 a 
different zone extends with and beneath each of the fans 44a-f. While only 
six fans 44 are shown in Fig. 1, heating chambers 22 with more or less 

1 5 than six fans 44 or zones are within the scope of this disclosure. The fans 
44 function to circulate the atmosphere within the heating chamber 22. 
The fans 44a-f are preferably constructed to circulate the atmosphere in a 
manner that aids in the dislodging of core materials 28 from the castings 
subsequent to binder combustion (and/or pyrolysis). A plurality of screens 

20 52, such as but not limited to one-quarter inch screens, are positioned 

beneath the conveyer assembly 42b in at least some of the earlier zones of 
the heating chamber 22. The screens 52 extend above the trough 54 
(discussed below) so that the screens 52 capture substantially all of the 
clumps of sand core material 28 larger than one-quarter inch which are 

25 dislodged from the castings. The clumps of core material 28 collected on 
the screens 52 are suspended within and exposed to the heated and 
oxygen-rich airflow within the heating chamber 22 until a substantial 
portion of the binder associated with the clumps has burned off, at which 
time the clumps will disintegrate. When the clumps have disintegrated to a 

30 size smaller than one-quarter inch, the disintegrated clumps fall through 
the screens 52. The screens 52 are preferably situated in the earlier and 
middle zones because, in accordance with the preferred embodiment, that 
is where a majority of the core materials 28 are dislodged and fall from the 
castings. In accordance with some embodiments, the screens 52 extend 

35 for the entire length of the heating chamber 22. 
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In the embodiment of Fig. IB, the hot fluidized bed 32 is that of a 
fluidized bed furnace in which the castings are immersed within the hot 
fluidized bed 32 during processing in the heating chamber 22' - e.g., 
during heat treating and/or core removal. In such an embodiment, the 

5 castings are, for example, placed in baskets 26 which are pulled along a 
conveyor assembly 42 through the hot fluidized bed 32 while folly 
immersed within the fluidized bed. The medium in the fluidized bed is, 
preferably, comprised substantially of foundry sand similar to and 
including that from which the sand cores are made and, from time to time, 

10 binder material. 

A receptacle such as, but not limited to, a trough 54 is defined in the 
heating chamber 22, 22'. Fig. 2 is an isolated perspective view of the 
trough 54, discharge openings 80, and sand discharge weir 84 from the 
front 35 (also see Figs. 1 A, IB) of the trough 54. Other components of the 

15 system 20, 20' that would otherwise be seen, including those within the 

heating chamber 22, 22 r are, for clarity and ease of description, not shown 
in Fig. 2. The trough 54 includes a bottom 56 and side walls 58,60 
extending upward from side edges of the bottom 56 in a divergent manner 
such that obtuse angles are defined between the side walls 58,60 and the 

20 bottom 56. Walls 62,64 extend upward from the other edges of the bottom 
56. Referring additionally to Figs. 1 A and IB, in accordance with the 
preferred embodiment, a fluidizing assembly 68 is closely associated with 
the bottom 56 of the trough 54. The fluidizing assembly 68 includes a 
blower 70 that forces a fluidizing medium through a conduit 72 that 

25 separates into headers 74a,b that feed a sub-header assembly 76. In 

accordance with the preferred embodiments, the sub-header assembly 76 
includes a multiplicity of fluidizing tubes 78 (see Figs. 3 and 5) (i.e., the 
sub-header assembly 76 is, for example, a sparger or perforated pipe 
distributor). A variety of conventional sub-header assemblies 76 are 

30 capable of being acceptably incorporated into the disclosed embodiments. 
In accordance with an alternate embodiment, a sub-header assembly 76 is 
not employed and the bottom 56 of the trough 54 functions as part of the 
fluidizing assembly 68. That is, the bottom 56 of the trough 54 is 
perforated and a fluidizing medium is forced through the perforations of 

35 the bottom 56. 
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In accordance with the preferred embodiment, the conduit 72 
cooperates with a heater assembly 73 that heats the fluidizing medium to a 
temperature in excess of the temperature required to combust (which 
processing temperature is sufficient in the absence of oxygen, to pyrolize) 
5 the binder of the core material 28. This heating causes binder within the 
hot fluidized bed 32, 32' to combust (or, in an appropriate case, to 
pyrolize), thus freeing to a substantial degree the sand from the binder. In 
the preferred embodiment, the heater assembly 73 includes a high pressure 
gas burner (not shown). In accordance with alternate embodiments, the 

10 heater assembly 73 incorporates an electric heating element or other type 
of heater. In accordance with other alternate embodiments, a heater 
assembly 73 is not employed. In alternate embodiments without a heater 
assembly 73, the heating chamber 22, 22' is otherwise sufficiently heated 
such that binder materials are combusted (or pyrolized) within the 

15 fluidized bed 32, 32'. 

Referring to both Figs. 1 A, IB, and 2, a plurality of apertures or 
openings 80a-f are defined through the bottom of the trough 54. Referring 
to Figs. 1 A and IB, valves 82a-f are situated beneath the openings 80a-f, 
respectively, and the valves 82a-f function to effectively open and close 

20 the openings 80a-f, respectively. The valves 82a-f are represented 

schematically in Figs. 1 A, IB. The valves 82a-f are acceptably either 
manually operated or motor operated such that the valves 82a-f are 
capable of being operated remotely. The valves 82a-e are closed during 
normal operation and the valve 82f is open during normal operation, as 

25 discussed in greater detail below. The valves 82a-e may be opened in the 
case of an emergency, such as if a section of the sub-header assembly 76 
becomes inoperative. The valves 82a-f are preferably manual gate or 
dump valves, or vibratory feeder valves, or stone-box type valves. 
As mentioned previously, the sub-headers 76 of the fluidizer 

30 assembly 68 substantially cover the bottom 56 (Fig. 2) of the trough 54. 
However, the sub-headers 76 preferably do not cover the openings 80a-f, 
so the openings 80a-f are readily accessible from within the trough 54. 
That is, the upper sides of the openings 80a-e are in direct contact with the 
hot fluidized bed 32, 32\ 

35 In accordance with the preferred embodiment, a sand discharge weir 

84 is associated with the opening 80f. Substantially reclaimed sand 30 
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flows from the hot fluidized bed 32, 32' to the cooling chamber 24 through 
the sand discharge weir 84. Referring additionally to Fig. 2, the weir 84 
extends upward from the opening 80f and includes, in the disclosed 
embodiment, walls 86, 88, 90, 92 that are joined at their edges such that 

5 the weir 84 is in the form of an elongated conduit that is generally in the 
shape of a square in a top plan view thereof The walls 86, 88, 90, 92 
bound a passage 94 that is open at the upper end of the weir 84 within the 
trough 54. At the lower end of the weir 84 the passage 94 is open to the 
cooling chamber 24 when the valve 82f is open. 

10 In accordance with other embodiments of the present invention, a 

sand discharge weir 84 is not incorporated into the present invention. 
When the weir 84 is not incorporated, the valve 82f or some other device 
(not shown) is operative to maintain the level of core materials 28 within 
the trough 54 that is necessary to maintain proper operation of the hot 

1 5 fluidized bed 32, 32\ When the valve 82f maintains the level, the valve 
82f is responsive to measurements that are indicative of the volume of the 
hot fluidized bed 32, 32*; discharging is established when a first volume of 
the bed 32, 32' is detected, and discharging is terminated at a second 
volume of the bed 32, 32' is detected. The volume can be quantified by 

20 sensing the height of the hot fluidized bed 32, 32' or sensing the pressure 
within the conduit 72, headers 74, or sub-header assemblies 76 of the 
fluidizing assembly 68. 

As depicted in Fig. 1 A, an inverted V-shaped baffle 96 is positioned 
above the upper opening to the passage 94 of the weir 84 in the_system 20 

25 of that Fig. The baffle 96 is preferably positioned sufficiently above the 
weir 84 so that the baffle 96 does not interfere with the flow of sand 30 
from the hot fluidized bed 32 into the passage 94 of the weir 84. The 
baffle 96 is positioned above the weir 84 and is broad enough such that the 
baffle 96 substantially keeps any sand core materials 28 from falling 

30 directly into the weir 84 castings 26 passing above. That is, any sand core 
materials 28 that fall from castings above the weir 84 are deflected by the 
baffle 96 such that they fall into the hot fluidized bed 32. 

The heating chamber 22, 22' controllably vents to the atmosphere 
through an exhaust conduit 99 that communicates with an incinerator 101 . 

35 Fig. 3 is a somewhat isolated, schematic, cross-sectional view of the 

furnace system 20, 20' (Figs. 1 A, IB) taken along line 3-3 of Fig. 2. The 
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valve 82f is not shown and substantial portions of the furnace system 20, 
20', including portions of the trough 54 and portions of the sub-headers 76, 
are cut away in Fig. 3. Additionally, in Fig. 3, portions of the sub-headers 
76 are depicted in the form of fluidizing tubes 78, only several of which 

5 are specifically identified in Fig. 3. The fluidizing tubes 78 are cross- 
sectioned transverse to their length in Fig. 3. The fluidizing tubes 78 
preferably define a plurality of apertures (not shown) through the sidewalls 
thereof. The fluidizing medium passes through the apertures in the side 
walls of the fluidizing tubes 78. The apertures are preferably oriented 

10 downward in a manner that seeks to keep sand 30 and sand core materials 
28 from entering the fluidizing tubes 78. 

The walls 86,88,90,92 (also see Fig. 2) of the weir 84 preferably 
each extend to the same height above the bottom 56 of the trough 54. 
Therefore, the upper edges of the walls 86,88,90,92 together function as a 

1 5 weir edge 1 00 over which the sand 30 (Fig. 1 ) flows into the passage 94 to 
pass through the weir 84. The weir edge 100 and the opening defined by 
the weir edge 100 preferably define a generally horizontal plane. As seen 
in Fig. 3, the lower edges of the walls 86,88,90,92 (also see Fig. 2) of the 
weir 84 preferably extend through the bottom 56 of the trough 54. A 

20 flange 98 preferably bounds the opening 80f and is attached to the bottom 
of the trough 54, for example by welding. The lower edges of the weir 84 
are preferably attached to the flange 98, for example by welding. 

The height of the weir 84 will impact the depth of the fluidized bed 
32, and, as will be understood, the discharge weir height of the 

25 embodiment of Fig. 1 B will typically be higher relative to the trough walls 
58-64 then is the weir 84 of the embodiment of Fig. 1 A, in order that the 
bed 32 might engulf the castings therein. 

Referring back to Figs. 1A, IB, the sand 30 that flows through the 
weir 84 falls into the cooling chamber 24 and onto the cool fluidized bed 

30 34. The cooling chamber 24 is preferably immediately beneath and 

contiguous with the heating chamber 22, 22' such that heat from the sand 
30 that has fallen into the cooling chamber 24 rises naturally from the 
cooling chamber 24 to the heating chamber 22, 22* to aid in the heating of 
the heating chamber. The cooling chamber 24 is preferably generally 

35 enclosed by a plurality of partitions 102 (only one of which is shown in 
Figs. 1 A, IB, but also see Fig. 4) that span between the floor 104 and the 
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lower periphery of the heating chamber 22, 22'. A majority of the 
partitions 102 are preferably readily removable from the cooling chamber 
24 so that the components within the cooling chamber 24 are capable of 
being readily accessed and serviced. It is preferable for the partitions 1 02 
not to substantially enclose the cooling chamber 24 such that ambient air 
flows substantially freely into the cooling chamber 24. Alternately, the 
partitions 102 substantially enclose the cooling chamber 24, and in such a 
configuration mechanisms in addition to those discussed below are 
preferably provided to remove fines and dust from the cooling chamber 24. 
In accordance with an alternate embodiment, the cooling chamber 24 is 
preferably not substantially bounded by partitions 102 (Figs. I A, IB, and 
4). The lack of partitions 102 is intended to maximize cooling airflow 
through and accessibility to the cooling chamber 24. 

In accordance with the preferred embodiments the furnace system 
20, 20' comprises a single large work chamber 107, 107' that includes both 
the heating chamber 22, 22' and the cooling chamber 24 in a stacked 
arrangement. Fig. 4 is an isolated, schematic, end, side, perspective view 
of the work chamber 107, 107' that schematically depicts the preferable 
stacked and contiguous relationship between the heating chamber 22, 22' 
and the cooling chamber 24. A view of the work chamber 107, 107' from 
the end and side opposite from that depicted in Fig. 4 would be a mirror 
image of Fig. 4. 

Central to the cooling chamber 24 is an elongated receptacle such 
as, but not limited to, a trough 106 that is elevated-above the^loor-104. 
The trough 106 extends from beneath the weir 84 to beneath the front 35 
of the heating chamber 22, 22'. A fluidizing assembly 108 is closely 
associated with the bottom of the trough 106. The fluidizing assembly 108 
includes a blower 1 1 0 that preferably takes suction from a source of 
relatively cool fluidizing medium (e.g., ambient air). The blower forces 
the fluidizing medium through a conduit 112 that separates into headers 
1 14a,b that feed a sub-header assembly 1 16. In accordance with the 
preferred embodiments, the sub-header assembly 1 1 6 includes a 
multiplicity of fluidizing tubes similar to the fluidizing tubes 78 (Figs. 3 
and 5) discussed above (i.e., the sub-header assembly 1 16 is preferably a 
sparger or perforated pipe distributor). A variety of conventional sub- 
header assemblies 1 16 are acceptable. In accordance with an alternate 
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embodiment, a sub-header assembly is not employed and the bottom of the 
trough 106 functions as part of the fluidizing assembly 108. That is, the 
bottom of the trough 106 is perforated and a fluidizing medium is forced 
through the perforations in the bottom of the trough 106. Alternate flow 

5 paths are, within the scope of the present invention, definable within the 
trough 106 of the cooling chamber 24 (and, for that matter, also within the 
trough 54 of the heating chamber 22) - for example, a serpentine path 
defined within the trough whereby the sand follows in such a path so as to 
increase the duration within the chamber. (See, for example, Fig. 7). 

10 An outlet duct 1 1 8 communicates between the end of the trough 1 06 

and a hopper 120. The inlet to the outlet duct 1 18 is elevated above the 
bottom of the trough 106 such that a weir 122 is defined. Sand 30 flows 
over the weir 122 to enter the outlet duct 1 18 and thereby exit the cool 
fluidized bed 34 and the cooling chamber 24. The hopper 120 discharges 

15 the cooled sand 30 to a device such as, but not limited to, a pneumatic 

transporter 132. The transporter 132 preferably transports the sand 30 to a 
core making facility where the sand is used in the manufacture of sand 
cores. Cooling of the sand 30 is preferably enhanced by cooling loops 
124,126 (e.g., piping systems) that extend into the cool fluidized bed 34 

20 and hopper 120, respectively. The cooling loops 124,126 preferably 

circulate a cooling medium, such as cool water, from sources of cooling 
medium 128,130 (e.g. cooling towers). 

In accordance with other embodiments of the present invention, a 
discharge weir 122 is not incorporated into the present invention. When 

25 the weir 122 is not incorporated, a discharge valve (not shown) or some 
other device (not shown) is operative to maintain the level of sand 30 
within the trough 1 06 that is necessary for proper operation of the cool 
fluidized bed 34. When a discharge valve maintains the level within the 
trough 106, the discharge valve is responsive to measurements that are 

30 indicative of the volume of the cool fluidized bed 34; discharging is 

established when a first volume in the bed 34 is detected, and discharging 
is terminated when a second volume in the bed 34 is detected. The 
volume can be quantified by sensing the height of the cool fluidized bed 34 
or sensing the pressure within the conduit 112, headers 1 14, or sub-header 

35 assemblies 1 16 of the fluidizing assembly 108. 
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In accordance with the preferred embodiments, the sand 30 is 
substantially classified before it is transported away from the furnace 
system 20, 20\ In accordance with the preferred embodiments, fines are 
initially drawn from the sand 30 into an intake assembly or ventilating 

5 hood 134, and through a conduit 138. Adjustable louvers 136 (e.g., slats) 
are preferably arranged across the entrance to the hood 1 34 in a manner 
that seeks to deflect any sand 30 that is entrained with the fines being 
drawn into the hood 134. Fines are also preferably drawn from the hopper 
120 into a conduit 140 communicating with the upper internals of the 

10 hopper 120. A plurality of adjustable louvers 139 (e.g., slats) are 

preferably arranged across the entrance to the conduit 140 in a manner that 
seeks to deflect any sand 30 that is entrained with the fines being drawn 
into the conduit 140. A vacuum within the conduit 142 draws fines into 
the hood 134 and conduit 140. The vacuum within the conduit 142 is 

15 generated by the blower 70 of the fluidizing assembly 68. It is important 
to note that not only fines drawn into the conduit 142. Hot fluidizing 
medium (e.g., air) is drawn into the conduit 142 from the ventilating hood 
134 and the hopper 120. The fines are separated from the hot fluidizing 
medium before the hot fluidizing medium is drawn into the blower 70 In 

20 accordance with the preferred embodiments, the device that primarily 
separates the fines from the fluidizing medium is a cyclone 144 that 
centrifugally separates fines from the fluidizing medium. A filter 146 also 
aids in the separation of fines from the fluidizing medium. 

In alternate designs of the furnace system 20 of Fig. 1 A, the baskets 

25 26 are initially placed upon the upper conveyer assembly 42a at the inlet 
door 38. The baskets 26 move along the upper conveyer assembly 42a 
deep into the heating chamber 22. Then, the baskets 26 are lowered to the 
lower conveyer assembly 42b and are conveyed back to the inlet door 38 
for removal from the heating chamber 22. In that alternate embodiment, 

30 the casting quench facility (not shown) is proximate to the inlet door 38 
such that castings can be immediately quenched upon removal from the 
heating chamber 22. In that alternate embodiment, it would be preferable 
for the hot fluidized bed 32 to flow toward the front 35 of the furnace 
system 20 and the cool fluidized bed 34 to flow toward the rear of the 

35 furnace system 20 so that the pneumatic transporter 132 is maintained at 
the opposite end of the furnace system 20 from the casting quenching 
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facility. In other designs, only a single conveyor assembly 42 is employed. 
In still other designs, the furnace system 20, 20' is a small batch furnace 
that does not utilize conveyor assemblies 42. 

Fig. 5 is view similar to that of Fig. 3 that shows a cross-sectioned 
5 adjustable weir 84' and other weir accessories, in accordance with another 
exemplary embodiment. The weir 84' is incorporated into the furnace 
system 20, 20' (Figs. 1 A, IB) in place of the weir 84 (Figs. 1 A, IB). The 
weir 84' itself is identical to the weir 84 of Figs. 1 A, IB, and 2, except 
that the weir 84' is not welded to the flange 98', and the weir 84' includes 

10 a plurality of apertures 148 through the walls 88',92' thereof. The flange 
98' that bounds the opening 80f also defines apertures 150 therethrough. 
The height of the weir edge 100 above the bottom 56 is adjusted by • 
removing pins 1 52a,b from the apertures 148,150. Once the pins 152a,b 
are removed, the adjustable weir 84' is capable of being moved vertically 

1 5 filrther into or out of the trough 54 to change the effective height of the 

weir edge 1 00 above the bottom 56 of the trough 54. Once the weir 84' is 
moved vertically to obtain the desired height, the weir 84' is moved 
slightly further if necessary to align apertures 150,148. Once apertures 
150,148 are properly aligned, for example as depicted in Fig. 5, the pins 

20 152a,b are inserted into the aligned apertures 1 50,148 as depicted in Fig. 
5. As depicted in Fig. 5, three different heights can be maintained by 
virtue of the fact that three pairs of apertures 148 are defined by the weir 
84. Various numbers of paired apertures 148 are within the scope of this 
disclosure. When the weir 84' is used in place of the weir 84 (Fig. 1 ), 

25 changing the height of the weir 84' will change the volume of the hot 

fluidized bed 32, which will change the amount of time that the collected 
portions of core materials 28 are subjected to fluidizing, which will change 
the characteristics of the reclaimed sand. 

The effective height of either weir 84' or weir 84 (Figs. 1-3) can, 

30 also, be varied by a weir extension 153. As depicted in Fig. 5, a weir 

extension 1 53 is mounted to the upper end of the weir 84'. The mounting 
is acceptably facilitated by welding. The weir extension 153 in isolation is 
acceptably identical to the weir 84 (Figs. 1-3) of the first embodiment in 
isolation, except that the depicted weir extension 1 53 defines a shorter 

35 length. Weir extensions 1 53 of various lengths are within the scope of this 
disclosure. The weir extension 153 is a conduit that is square in an 
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isolated top or bottom plan view thereof. The weir extension 1 53 includes 
four walls that bound and define a passage 94' that is open at the top and 
bottom of the weir extension 1 53. The walls of the weir extension 153 
further define an effective weir edge 100' over which sand 30 flows into 
5 the passage 94' of the weir extension 153. When the weir extension 153 
is mounted to the weir 84', the passage 94' of the weir extension 153 
communicates directly with the passage 94 of the weir 84'. 

In Fig. 5, the weir 84' is additionally fitted with a discharge conduit 

1 54 that depends from the bottom of the weir 84'. As discussed in greater 
10 detail below, the discharge conduit 154 functions as an angled extension 

that extends from the base of the weir 84' and functions as a passive 
closure device. The discharge conduit 154 includes arrelongated upper 
section 155 and an elongated lower section 157, each of which has 
generally square cross-sections when cross-sectioned perpendicularly to its 

15 length. The discharge conduit 154 defines a passage 156 that is bound by 
the walls of the discharge conduit 1 54. The passage 156 is open at the 
opposite ends of the discharge conduit 1 54 such that sand 30 passes 
through the discharge conduit 1 54. The upper section 155 of the discharge 
conduit 154 is generally a straight, vertical, lower extension to the weir 

20 84\ The lower section 157 of the discharge conduit 154 is generally 

straight, and an angle "A" is preferably defined between the upper section 

155 and lower section 157. The angling of the discharge conduit 154 
enhances the operation of the discharge conduit 154. The discharge 
conduit 1 54, and particularly the lower section 1 57 of the discharge 

25 conduit 154, functions as a passive closure assembly. That is, if for some 
reason the cool fluidized bed 34 (also see Figs. 1 A, IB) becomes over 
filled, sand 30 will tend to accumulate in the passage 1 56 in a manner that 
seeks to obstruct passage through the weir 84'. Additionally, in 
accordance with an alternate embodiment (not shown), the system 107, 

30 107' (Figs. 1 A, IB) is constructed such that the lower section 157 of the 
discharge conduit 154 is normally just slightly extending into the cool 
fluidized bed 34 such that sand 30 continues to flow though the weir 84' 
and the discharge conduit 1 54, but such that the atmosphere within the 
heating chamber 22, 22' (Figs. 1 A, IB) and the cooling chamber 24 (Figs. 

35 1 A, 1 B) do not freely pass through the weir 84' during operation of the 

system 107. Referring additionally to Figs. 1 A, IB, the discharge conduit 
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1 54 can be installed in place of the valve 82f or in series with, and 
preferably downstream of, the valve 82 f. 
Operation 

Referring to Figs. 1 A and IB, in accordance with the most preferred 

5 embodiments, the furnace system 20, 20' (i) receives and heat treats 
castings, (ii) removes sand core materials 28 from the castings, (iii) 
actively reclaims sand 30 from the sand core materials 28, (iv) 
substantially cools the reclaimed sand 30, and (v) removes fines from the 
reclaimed sand 30. initially, metal castings such as, but not limited to, 

10 aluminum castings are placed into baskets 26. The castings preferably 

have at least some sand core materials 28 attached thereto. The sand core 
materials 28 preferably comprise sand bound by a binder material such as, 
but not limited to, a combustible organic resin binder. Most preferably the 
castings are aluminum castings that define cavities and have substantially 

15 intact sand cores (comprising sand and combustible binder) therein. In 
accordance with an alternate embodiment, sand core materials 28 are 
introduced into the heating chamber 22 separate from the castings. 

The inlet door 38, 38' is temporarily opened and a basket 26 is 
placed upon one of the conveyer assemblies 42. Alternatively the castings 

20 may be placed directly upon the conveyer assemblies 42. As the castings 
are conveyed through the heating chamber 22, 22 r at least a portion of the 
binder of the sand cores is involved in a chemical reaction (e.g., 
combustion or pyrolysis) resulting in sand core materials 28 being 
dislodged from and eventually exiting the castings. The castings are 

25 preferably maintained within the heating chamber 22, 22' for a sufficient 
period such that the castings are heat treated for at least several hours and 
the sand cores are substantially totally removed from the castings. In the 
preferred embodiments, the mentioned chemical reaction is accomplished 
as combustion as the relevant temperatures are raised to a level sufficient 

30 to combust the binder material and sufficient oxygen is made available (as 
air or otherwise) to support combustion. Oxygen is preferably supplied 
with the fluidizing medium (i.e. air) into the bottom of the heating chamber 
22, 22' by way of the fluidizing assembly 68. Oxygen can also be 
introduced by other means such as by exposing the burner 48 of Fig. 1 A to 

35 the atmosphere within the heating chamber 22 and by providing an excess 
amount of oxygen to the burner 48. 
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The sand core materials 28 that enter the hot fluidized bed 32, 32' 
are suspended and agitated within the heated (and, preferably, oxygenated) 
environment of the hot fluidized bed 32, 32' such that chemical reaction 
(e.g., combustion, in the preferred, oxygenated environment) is promoted 
5 involving the binder of the core material 28, which reaction results in 

binder separating from sand of the core material, sand originally making up 
part of the sand cores is reclaimed such that it is substantially ready for 
reuse. In addition to being heated by the heater assembly 73, the hot 
fluidized bed 32 of Fig. 1 A is heated due to its proximity to the heater 46 

10 and the heated environment within the heating chamber 22. Also, the sand 
30 within the cool fluidized bed 34 is at least initially very hot, and heat 
from the hot sand 30 rises naturally from the eeol fluidized bed 34 to heat 
the heating chamber 22, 22' and the hot fluidized bed 32, 32\ For 
example, it is believed that at least some hot air may flow from the cooling 

1 5 chamber 24 to the heating chamber 22, 22' through the weir 84. 

Alternately, the system 20 is provided with additional open tubes (not 
shown) whose openings extend above the top of the discharge weir 84 (see 
Figs. 1 A and IB), which open tubes communicate between the heating 
chamber 22, 22' and the hottest zones of the cooling chamber 22 drawing 

20 hot air from the hottest zones of the cooling chamber into the heating 

chamber. Heat is also transferred between the hot fluidized bed 32, 32' 
and the cool fluidized bed 34 by way of forced convection. That is, the 
blower 70 draws fluidizing gases (e.g., air) that is preheated by the sand 
30 from the ventilation hood 1 34 and the hopper 1 20. It is believed that 

25 the preheated fluidizing gases drawn into the ventilation hood 134 will be 
approximately 100 to 120 degrees Celsius. Due to the fact that the sand 
30 within the hopper 120 may be substantially cooled, it may be preferable 
for the blower 70 to draw fluidizing gases solely from the ventilating hood 
1 34 or other substantially heated locations within the heating chamber 22, 

30 22'. Fines entrained with the fluidizing gases drawn from the ventilation 
hood 134 and hopper 120 (if tied into the intake side of the fluidizing 
assembly 68) are preferably separated from the fluidizing gases in the 
cyclone 144. The fines fall from the base of the cyclone 144 and are then 
collected for disposal. 

35 In accordance with the preferred embodiments, the sand 30 within 

the hot fluidized bed 32 flows toward the sand discharge weir 84 due to 
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the action of the fluidizing assembly 68 and the fact that the weir 84 is an 
outlet from the heating chamber 22, 22*. Additionally, the trough 54 (or its 
bottom 56) may be inclined slightly to enhance the flow of sand 30 toward 
the weir 84. During normal operations the valve 82f is open and the sand 

5 flows through the weir 84 and falls into the cool fluidized bed 34. The 
valve 82f may be closed automatically if such closure would aid in 
minimizing the negative impacts of certain types of equipment 
malfunctions. Similarly, the valve 82f may be operated for maintenance 
purposes. During normal operations the valves 82a-e preferably remain 

10 closed. However, those valves 82a-e may be opened in case of 

emergencies such as if the weir 84 becomes blocked. Opening of the 
valves 82a-e may be triggered by sensors that sense high levels of sand 
core materials 28 within the trough 54. Such sensors are acceptably 
mounted within the trough 54. The valves 82a-e may also be opened for 

1 5 maintenance purposes . 

The sand 30 that has fallen into the cool fluidized bed 34 is cooled 
by virtue of the fact that it is fluidized by a fluidizing gas such as ambient 
air. The sand 30 within the cool fluidized bed 34 flows toward and over 
the weir 122 due to the action of the cool fluidized bed 34 and the 

20 presence of the outlet duct 118. This flow is acceptably enhanced by 
slightly elevating the rear 37 end of the trough 106. The sand 30 flows 
through the outlet duct 1 1 8 to the hopper 120 and is later transported away 
from the hopper 120 by the pneumatic transporter 132. The cooling of the 
sand 30 is preferably enhanced by the cooling loops 124,126. 

25 With reference to Fig. 6, an exemplary, side-mounted embodiment 

of the cooling chamber 24' is schematically shown as part of the furnace 
system 20", integrated and contiguous with the heating chamber 22 ' of a 
convection-type furnace of the type depicted in Fig. IB. The heating 
chamber 22' is only partially shown in Fig. 6, but can be understood by 

30 reference to Fig. IB. Shown in Fig. 6 is the rear end 37 of the heating 
chamber 22' and the tilting outlet door 40' associated with the heating 
chamber. The rear end wal 1 64' of the heating chamber 22 ', in this 
embodiment, serves as a coiiimon wall 64 between the heating chamber 
and the cooling chamber 24'. Formed through the common wall 64' is a 

35 passage 94" which functions as a discharge weir communicating from the 
heating chamber 22' through the common wall to the cooling chamber 24'. 
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The passage 94" is seen in this embodiment as being defined by an 
opening 176 and spillway 177. {See, also, Fig. 8). The passage 94" is 
positioned high enough within the common wail 64 to define the hot 
fluidized bed 32 ' at a height sufficient to engulf the castings therein. The 
5 area of the opening 1 76 is defined so as to meet the outflow requirements 
of the user, taking into consideration the volume of the hot fluidized bed 
32 and the desired duration for the sand 30 within the heating chamber. 
In alternate embodiments, the area of the passage opening 176 (and related 
spillway volume), as well as, alternately, the exact height of the passage 

10 94 " along the common wall 64' are varied and/or variable to 

accommodate varying outflow and duration specifications. The cooling 
chamber 24' of this side-mounted embodiment is seen as also comprising 
an elongated receptacle (such as, but not limited to, a trough 106') and a 
fluidizing assembly (not shown), but similar to that assembly 108 of Fig. 

15 IB). It should be apparent to one reading this disclosure that the 

component system of the fluidizing assembly 1 08 shown in Fig. IB, 
including the blower 1 10, conduits 1 12, headers 1 14 and subheader 
assembly 1 16, is integrated with the trough 106' as shown in Fig. 6 and 
operated as described earlier. Depicted in Fig. 6 is also the hopper 120 

20 and outlet duct 1 1 8 by which the cooling chamber 24' communicates with 
the hopper 120 to discharge cooled sand from the cool fluidized bed 34' in 
a manner similar to that described above with respect to the embodiments 
of Figs. 1A and IB. The hopper 120 discharges the cooled sand to a 
device such as, but not limited to, a pneumatic transporter. As mentioned 

25 with respect to the embodiments of Fig. 1, a cooling loop 124 is preferably 
incorporated within the cooling chamber 24'. A basic classifying 
(ventilation) hood 134 is seen as covering the cooling chamber 24', and 
functions to remove fines and to draw hot fluidizing medium from the 
cooling chamber and also from the hopper 120 as previously described 

30 with respect to Fig. 1 . The fines are separated from the fluidizing medium 
at a cyclone (not shown) and, preferably, hot fluidizing medium is returned 
to the fluidizing assembly 68' (Fig. IB) associated with the heating 
chamber 22', also, as previously described with respect to Fig. 1 . The 
embodiment of Fig. 6 is depicted as having a heat exchanger 180 

35 positioned within the hottest zones of the cooling chamber 24' to take 

advantage of secondary heat reclamation, which reclaimed heat is re-used 
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within the furnace system 20 or, alternately, used elsewhere (such heat 
exchange being acceptably used also in the embodiments of Fig 1). 
Reference to Fig. 7 shows, in schematic representation, a serpentine flow 
path which is one of numerous alternate flow paths acceptably used in 

5 connection with the various embodiments of the present invention. In 
accordance with this serpentine flow embodiment, baffle walls 1 82 
channel the sand 30 along the chosen path. 

While the embodiments which have been disclosed herein are the 
preferred forms, other embodiments will suggest themselves to persons 

10 skilled in the art in view of this disclosure. Any relationships and 

dimensions shown on the drawings are given as the preferred relative 
relationships, but the scope of this disclosure is not to be limited thereby. 
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I claim: 

CLAIMS 

1 . A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 

containing the casting, with at least a portion of the sand core 
therein, in a furnace chamber; 

heating the furnace chamber to a temperature sufficient to 
loosen a portion of the sand core such that portions of the 
sand core are loosened from the cavity and exit the casting 
while the casting is within the furnace; 

reclaiming sand, wherein the reclaiming step includes a step of 
fluidizing within the furnace chamber the portions of the 
sand core that exit the casting, wherein the fluidizing step 
includes a step of further heating binder material of the 
fallen portions of the sand core; 

discharging the reclaimed sand from the fluidized bed and the 
furnace chamber into a cooling chamber; 

cooling the reclaimed sand, wherein the cooling step includes a 
step of fluidizing the sand within the cooling chamber so 
that gasses are pre-heated within the cooling chamber; and 

collecting the preheated gasses from the cooling chamber and 
utilizing the preheated gasses in the reclaiming step. 

2. The method of claim I, wherein the heating step further comprises 
the step of heating the furnace chamber to a temperature sufficient 
to heat treat the casting. 

3 The method of claim 1 , wherein the heating step further comprises 
the step of heating the furnace chamber to a temperature sufficient 
to combust a combustible binder material acting as the binder 
material of the sand core. 


WO 97/30805 


PCT/US97/02645 


24 

4. The method of claim 1 , wherein the step of discharging further 
comprises the step of promoting the migration of sand in a fluidized 
bed toward and over a weir to discharge sand from the furnace 
chamber. 

5. The method of Claim 1, wherein the furnace chamber and the 
cooling chamber are proximately located such that heat passes 
between the furnace chamber and the cooling chamber. 

6. The method of Claim 1, wherein the collecting step includes a step 
of separating fines from the reclaimed sand. 

7. A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 

introducing the casting, with at least a portion of the sand core 
therein, into a furnace system, wherein the furnace system 
defines 

a heating region, and 

a cooling region disposed below and proximate to the 
heating region and in heat and gaseous 
communication with the heating region; 
heating the core material in the casting while the casting is 

disposed within the heat region to a temperature sufficient to 
loosen sand core material from the casting, wherein portions 
of the sand core exit from the casting into the heating region; 
reclaiming, at least partially and within the heating region, sand 
from the portions of the sand core that have exited the 
casting; 

discharging the reclaimed sand from the heating region into the 

cooling region; 
cooling the reclaimed sand in the cooling region; and 
discharging the reclaimed sand from the cooling region. 
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8. The method of claim 7, further composing the step of heating 
treating the casting within the heating region. 

9. The method of claim 8, wherein the heat treating step is 

5 accomplished in an upper area of the heating region and the 

loosened sand core material falls from the casting to a lower area of 
the heating region, and the reclaiming step includes the step of 
fluidizing core material in the lower area. 

10 10. The method of Claim 7, further comprising a step of removing fines 
from the furnace system. 

1 1 . The method of Claim 7, further comprising a step of removing fines 
from the sand within the cooling region. 

15 

12. The method of Claim 7, wherein the step of discharging the 
reclaimed sand from the reclaiming region includes a step of 
directing a flow of the reclaimed sand over a weir so that the 
reclaimed sand falls from the weir into the cooling region. 

20 

1 3 . The method of Claim 7, 

wherein the system includes a support assembly for supporting 

the casting within the heat region, and 
wherein the introducing step includes a step of placing the 
25 casting upon the support assembly, 

14. The method of claim 7, 

wherein the heating step includes a step of combusting binder 
material of the portion of the sand core to dislodge sand core 
30 material from the casting, and 

wherein the reclaiming step includes a step of fluidizing the 
portions of sand core that have exited the casting in a 
manner that facilitates the step of further combusting. 
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5. The method of Claim 14, further comprising a step of withdrawing 
gasses from the cooling region and utilizing those withdrawn gasses 
in the fluidizing step of the reclaiming step. 

6. The method of Claim 1 5, further comprising a step of removing 
fines from the sand within the cooling region. 

7. The method of Claim 16, wherein the step of removing fines 
includes steps of entraining fines in the gasses drawn from the 
cooling region and separating the fines from the gasses. 

18. A furnace system for processing a casting having sand core material 
attached thereto and reclaiming sand from the sand core material, the 
sand core material comprising sand particles bound together by a 
binder material, the sand core material defining a cavity within the 
casting, and the furnace system comprising: 

a heating work chamber for receiving the casting therewithin; 

heating means for heating said heating work chamber to a 

temperature sufficient to pyrolize binder material of the sand 
core, whereby portions of the sand core material are 
loosened and exit from the casting while the casting is 
within said heating work chamber; 

a reclaiming fluidizer within said work chamber for substantially 
reclaiming sand from portions of the sand core material, and 

a cooling fluidizer for receiving the reclaimed sand from said 
reclaiming fluidizer and cooling the reclaimed sand, wherein 
said cooling fluidizer is proximate to and in heat and 
gaseous communication with said reclaiming fluidizer. 

19. The furnace system of claim 18, wherein said work chamber defines 
a casting conveyor region and a fluidized region separate from said 
conveyor region, said reclaiming fluidizer being disposed within 
said fluidizer region. 

20. The furnace system of claim 1 8, wherein said work chamber defines 
a fluidizer region and said reclaiming fluidizer is disposed within 
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said fluidizer region, and wherein the furnace system further 
composes a conveyor within said fluidizer region of said work 
chamber, whereby castings are conveyed by the conveyor through 
the fluidizer region. 

5 

2 1 . The furnace system of claim 1 8, further comprising a conveying 
means for conveying the reclaimed sand and any attached binder 
material away from said furnace system. 

10 22. The furnace system of claim 18, 

wherein said coolmg fluidizer is disposed within a cooling work 
chamber, and 

wherein said reclaiming fluidizer takes suction from said cooling 
work chamber. 

15 

23. The furnace system of claim 1 8, further comprising an intake 
assembly, wherein said reclaiming fluidizer takes suction from said 
cooling work chamber through said intake assembly, and wherein 
said intake assembly is operative to remove fines from the cooling 

20 work chamber. 

24. The furnace system of claim 23, further comprising slats positioned 
proximate to said intake assembly and operative to deflect panicles 
from said intake assembly. 

25 

25. The furnace system of claim 22, wherein said reclaiming fluidizer is 
disposed within said heating work chamber and said heating work 
chamber and said cooling work chamber are contiguous. 

30 26. The furnace system of claim 25, wherein said coolmg work chamber 
includes a top and said heating work chamber is mounted to said top 
of said cooling work chamber. 

27. The furnace system of claim 18 ? further comprising a weir for 
35 passing the reclaimed sand from said reclaiming fluidizer to said 

cooling fluidizer. 
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8. The furnace system of claim 27, 

wherein said weir defines a height, and 

wherein the furnace system further comprises adjustment means 
for adjusting said height of said weir. 

9. A furnace system for processing a casting having sand core material 
attached thereto and reclaiming sand from the sand core material, the 
sand core material comprising sand panicles bound together by a 
binder material, the sand core material defining a cavity within the 
casting, and the furnace system comprising: 

a heating work chamber for receiving the casting therewithin; 
heating means for heating said heating work chamber to a 
temperature sufficient to dislodge portions of the sand core 
material from the casting, whereby portions of the sand core 
material exit the casting while the casting is within said 
heating work chamber; 
a receptacle for receiving the portions of the sand core material 
which have exited the casting, said receptacle being in 
gaseous and heat communication with said heating work 
chamber, said receptacle mcluding a bottom; 
a fluidizer for fluidizing the sand core material within said 

receptacle to reclaim sand; 
a weir conduit defining an elongated passage and including 

a first end including a weir edge that defines an upper 
weir opening that is open to said passage, wherein 
sand flows over said weir edge into said passage to 
exit said receptacle, and wherein said opening is 
disposed above said bottom of said receptacle to 
define a weir height, and 
a second end, wherein said passage is open at said 

second end and the sand flows from said second end 
to exit said receptacle; and 
adjustment means for adjusting said weir height so that the 
amount of time that the sand core material is subjected to 
said fluidizer is adjusted. 


WO 97/30805 PCTYUS9 7/02645 

29 


30. The furnace system of claim 29, wherein said adjustment means 

includes an extension connected to said weir conduit and extending 
above said weir edge. 

5 

3 1 The furnace system of claim 30, wherein said extension is an 

elongated conduit connected to said weir conduit and extending 
upward from said weir edge. 

10 32. The furnace system of claim 29, 

wherein said bottom defines an aperture disposed beneath said 
weir edge, and 

wherein said aperture and said weir are constructed so that the 
sand flows through said aperture subsequent to flowing over 
1 5 said weir edge. 

33. The furnace system of claim 32, wherein said adjustment means 
includes an adjustable connection between said weir conduit and 
said bottom 

20 

34 The furnace system of claim 32, wherein said weir extends through 
said aperture and includes an upper end disposed above said 
aperture and a lower end disposed beneath said aperture such that 
said bottom extends substantially around said weir, wherein said 
25 weir is movably associated with said bottom such that said upper 

end is capable moving between a first position in which said upper 
end is a first height above said bottom and a second position in 
which said upper end is a second height above said bottom. 

30 35. The furnace system of claim 34, wherein said adjustment means 
includes a flange connected to said bottom and cooperating with 
said weir to maintain said weir alternatively in said first height and 
said second height. 

35 36. The furnace system of claim 35, 

wherein said flange includes a first aperture. 
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wherein said weir defines a second aperture, and 

wherein said adjustment means includes a pin for removably 

inserting into said first aperture and said second aperture to 

maintain said weir at said first height. 

5 

37. The furnace system of claim 36, 

wherein said wall of said weir defines a third aperture, 
wherein said pin is further for removably inserting into said first 
aperture and said third aperture to maintain said weir at said 
10 second height. 

38. A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 

15 a cavity within the casting, and the method comprising steps of: 

containing the casting, with at least a portion of the sand core 
therein, in a furnace chamber heated to a temperature 
sufficient to pyrolize the binder material, whereby binder 
material of at least a portion of the sand core disposed 
20 within the casting pyrolizes and portions of the sand core are 

loosened and exit the cavity of the casting while the casting 
is within the furnace; 
reclaiming sand including a step of fluidizing within the furnace 
chamber the portions of the sand core which have exited the 
25 casting, wherein the fluidizing step includes steps of 

further pyrolizing binder material of the portions of the 

sand core that have exited the casting, and 
promoting the migration of sand in a fluidized bed 

toward and over a weir to discharge reclaimed sand 
30 from the furnace chamber; and 

changing the height of the weir so that the size of the fluidized 
bed is changed and the amount of time that the collected 
portions of sand core are subjected to the fluidizing step is 
changed. 

35 
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The method of claim 38 r further comprising the step of heating the 
furnace chamber to a temperature sufficient to combust a 
combustible binder matenal acting as the binder material of the sand 
core. 

The method of claim 38, further composing the step of heating the 
furnace chamber to a temperature sufficient to heat treat the casting. 

The method of claim 38, further comprising the step of heating 
treating the casting within the heating region. 

The method of claim. 4 1 , wherein the heat treating step is 
accomplished in an upper area of the furnace chamber and the 
loosened sand core matenal falls from the casting to a lower area of 
the furnace chamber, and the fluidizing step includes the step of 
fluidizing core material in the lower area. 

A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder matenal, the sand core defining 
a cavity within the casting, and the method comprising steps of: 
containing the casting in a furnace system; 
heating the casting to a temperature sufficient to pyrolize binder 
material, whereby binder material of at least a portion of-the 
sand core disposed within the casting pyrolizes and portions 
of the sand core are loosened and exit the cavity of the 
casting while the casting is within the furnace system; and 
reclaiming sand from the portions of the sand core which have 
exited the casting, including the steps of 

drawing gasses from the furnace system, and 
extracting fines from the sand by entraining fines in the 
gasses drawn from the furnace system. 

The method of claim 43, wherein the heating step further comprises 
the step of heating the furnace chamber to a temperature sufficient 
to heat treat the casting. 
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45. The method of claim 43, wherein the heating step further comprises 
the step of heating the furnace casting to a temperature sufficient to 
combust a combustible binder material acting as the binder material 

5 of the sand core. 

46. The method of claim 43, further comprising the step of promoting 
the migration of sand in a fluidized bed toward and over a weir to 
discharge sand from the furnace chamber. 

10 

47. The method of claim 43, further comprising the step of heating 
treating the casting within the furnace system. 

48. The method of claim 43, wherein the heat treating step is 

15 accomplished in an upper area of the furnace system and the 

loosened sand core material falls from the casting to a lower area of 
the furnace system, and the reclaiming step includes the step of 
fluidizing core material in the lower area. 

20 49. The method of claim 43, wherein the reclaiming step further 
includes a step of fluidizing portions of the sand core with the 
gasses of the drawing step, wherein the fluidizing is carried out 
within the furnace system. 

The method of claim 43, 

wherein the reclaiming step further includes a step of fluidizing 

the sand in a cool fluidized bed, 
wherein the drawing step draws gasses from proximate to the 
cool fluidized bed to capture waste heat from proximate to 
the cool fluidized bed, and 
wherein the reclaiming step further includes a step of fluidizing 
the portions of the sand core with the gasses of the drawing 
step and within the furnace system. 
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The method of claim 50, further comprising a step of separating the 
fines from the gasses prior to the step of fluidizing the fallen 
portions of the sand care. 

A furnace system for processing a casting having sand core material 
attached thereto and reclaiming sand from the sand core material the 
sand core material composing sand particles bound together by a 
binder material, the sand core material defining a cavity within the 
casting, and the furnace system comprising: 

a heating work chamber for receiving the casting therewithin; 
a heater for heating said heating work chamber to a temperature 
sufficient to dislodge portions of the sand core from the 
casting, whereby portions of the sand core material exit the 
casting while the casting is within said heating work 
chamber; 

a reclaiming fluidizer for receiving the portions of the sand core 
material that exit the casting and substantially reclaiming 
sand from the portions of the sand core material, wherein 
said reclaiming fluidizer is proximate to and in heat and 
gaseous communication with said heating work chamber; 
and 

a cooling fluidizer for receiving the reclaimed sand from said 
reclaiming fluidizer and cooling the reclaimed sand, 

wherein said reclaiming fluidizer is operative to draw heated 
gasses from proximate to said cooling fluidizer and use the 
heated gasses in the reclaiming of sand from the fallen 
portions of the sand core. 

The furnace system of claim 52, further comprising an intake 
assembly proximate to said cooling fluidizer, wherein said 
reclaiming fluidizer is operative to draw the heated gasses from 
proximate to said cooling fluidizer through said intake assembly, 
and wherein said intake assembly is operative to remove fines from 
proximate to the cooling fluidizer. 
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The furnace system of claim 53 ? further comprising slats positioned 
proximate to said intake assembly and operative to deflect particles 
from said intake assembly. 

The furnace system of claim 52, wherein said reclaiming fluidizer is 
disposed within said heating work chamber. 

The furnace system of claim 52, further comprising a conveyor 
disposed in an upper area of said heating work chamber, wherein 
said reclaiming fluidizer includes a bed of fluidizing medium 
disposed in a lower area of said work chamber. 

A method for processing a casting having a sand core and 
reclaiming sand from the sand core, the sand core comprising sand 
particles bound together by a binder material, the sand core defining 
a cavity within the casting, and the method comprising steps of: 
introducing the casting, with at least a portion of the sand 

core therein, into a furnace system, wherein the furnace 
system defines 

a heating region, and 
a cooling region in heat and gaseous communication 
with the heating region; 
heating the core material in the casting while the casting is 
disposed within the heat region to a temperature 
sufficient to both heat treat the casting and loosen sand 
core material from the casting, wherein portions of the 
sand core exit from the casting into the heating region; 
reclaiming, at least partially and within the heating region, 

sand from the portions of the sand core that have exited 
the casting; 

discharging the reclaimed sand from the heating region into 

the cooling region; 
cooling the reclaimed sand in the cooling region; and 

discharging the reclaimed sand from the cooling region. 
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58. The method of Claim 7, further comprising a step of removing fines 
from the furnace system. 

59. The method of Claim 7, further comprising a step of removing fines 
5 from the sand within the cooling region. 
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